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ARTICLE I. 

Ijetterfrom Mr. John Gough, conUdning a Narrative offomt 
leficommonof Ligkinilig, hyiheJiev. Jonathan Wil¬ 
son, and Itemarkst the Communicator. 

SIR, Middkjhaxv, Aug, IS, 1804-. 

The following is a copy of a letter which I lately receiired ^ 
from (he Rev. Jonathan Wilfon, Vicar of the pariftt of Bit}* 
dalph, in StafTordfliire. The fafts and remarks contained in 
it, may prove acceptable to many of your philofophical 
readers, as well as to royfelf; and by giving it a place in your 
**j()fll*nal, you will oblige • * * * 

JOHN GQUGH. 

Congleton, Aug. 1j 1804. 

following circumRance induced me to defer my reply Stroke of lighs 
to your l^ter fdl- a few days: On the 15th ult. I was informed ^ 

in my way to chiifch, by the farmer of Biddulph Hall, that, circle ut loyanli 

on the 7tli, the lightning ilruck a plain arable field of his, 
which he ufes at prefect for a cow pafiure. I went with himi 
and found that thc^le^ic fluid bad killed the tops of the taller 
thifilesf in a circle of about twenty yards in diameter; but 

VcL. IX.—Septumisr, 1804. B tha 









ON LIGHTNING. 

le herbage and fmall thiflles, no higher than the grafs,^ did 
ot appear to have been finged at all. Thofe in thecentre» 
about three yards, feemed much Icfs injured than thofe 
liiearer the circumference. In two places the foil was turned 
Upi a few feet in length and an inch or two in depth; and 
where the ground ceafed to be broken up^ one might perceive 
that the lightning had glanced» with feveral ramifications, 
along the furface. but under the long grafs. leaving a track, 
fuch as moles and mice fometimes make. In one place, where 
the impreffion made upon the foil was deeped, and fomewhat 
refembled the letter V, a draight round hole appeared at the 
angle, which was about two feet deep, and about three inches 
in diameter. 

Probability of a After I had left the place, it occurred to me that ibis hole 

^cn from^hc produced by a done falling fiom the clouds, 

atmofpherc. a phenomenon which has lately caufed much fpcculation. 

The more I thought of this, the more probable it feemed. 
The hole was round and perpendicular, at no great didaiue 
from the end of the barn, and a tall tree was alfo near the 
place; either of which was more likely to attrafl the light¬ 
ning than the plain field. A ivery lofty tower, which was 
llnick a few years ago, was about three times the didance of 
the tree. The thunder w'as not fo loud as when (he lower was 
druck, but the Imell of fulphur was much dronger, Thofe 
confiderations determined me to return the fird opportunity 
and examine the place more thoroughly. 

On examination From one caufe or other 1 could not do this conveniently 
none was found, before yederduy evening, when the farmer and his fon very 
obligingly went with me, and dug a circular pit about four 
febt in diametbr, hiving the hole in its centre. At ih^ ci/^pTlP^ 
of two feet they came at a fliivery rock of grit, in whicli 1 
hoped to find the expected done imbedded ; but w hen the foil 
was cleared away level with the bottom of the hole, thefevvas 
no fuch thing; nothing appeared but fmall, oblong, fiaUiiiOccs 
of grildone, through the tnoifi crevices of which tffPeieClric 
fluid probably efcaped. Though difappointed in the principal 
part that I hoped to communicate, I refolved to fend you the 
above, as I think the lightning very defeends fo far into 
folicl ground, unlefs when guided by fome^^ailicular conduc¬ 
tor, If the account afford you any information oramufemenl, 

I Ml 


ON LlCBTNINCt 


I (lalt be glad; and (hould the fubjeS merit any of yout 
queries, they will be received with pleafure by 

Veur liumble fervant. 

' <1 

JONATHAN WILSON. 


JRcniark'i on the above. 

THE firft part of Mr. Wilfon^s letter countenances Dr. Wbethei f^y- 
Darwin’s explanation oi' I'airy-rings; lor of all the thiflies in-^'**^“* 
eluded in the eleftrified circle, thofe in the centre received 
the leaft injury. The hypothefis of Dr, Darwin has always 
feemed tome to labour under unfurmountable difficulties; and 
this is the reafon why I point out a ta£i which eftablifhes an 
exa£l agreement of the explanation, and natural appearances, 
in one inftance* 

Fairy-rings are permanent objefts, the nature of which is 
but imperfectly underClood; and it is to be wilhed mat Mr. 

Wilfon would find leifure to obferve and deferibe the future 
.confequences of the eleClric dilcliargeat Biddulph Hall. The 
herbage of the ramified figure mentioned in the letter, will in 
all likelihood die in (he cuur^ of a few weeks; bccaufe plants 
that have fuftaiiied ftrong electrical iliocks, foldom furvive the 
operation more than a month or two. Should this change take 
place in (he circle, it will give anew appearance to the furlace 
of the ground, by expoling to view tiie branched path of the 
lightning; nor is it improbable but that this alteration will be 
fucceeded by another of a more lingular kind. There is rea¬ 
fon to fufpedt, tfiat each ramification of the track will be again 
covered with a lively verdure the next fpriiig, being accom- 
psttiied at the fame time bv a conligyeus {aaten of biafied 
Jierbage rcfembling its own lisjure. This lufpicion is counte-Compirifonivith 

nanoed by certain obler' itions of Dr. Hutton of Edinbuj^h, ^ ' Huttons 
I A I » o ° obfervations of 

who remarkeil, that int* fairy-nngs upon Arthur i. Scat annu- the fairy-ringg 

alNt. increafe in diaineter: «. c. tiie witJicred circumfereiKe of°" Arthur’s 
* * Scsr« 

each ciittlc b«coines green in fpring, and is furroundvd in a 

fliort time by a frelh :'ng of a rullet colour. We have no 

right to difpute the juft:ce of Dr. Hutton’s obfrr\'ations, but 

the qucllion is undetermined, whether the appearance is con- 

llant, or refults A^ani'^he nature of the foil. The perulal of 

.the foregoing remarks will perhaps admonilh my friend Mr* 

‘Wilfon, that Fortune has lurniihed him with an opportunity 

B 2 of 
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fquires and 
cubes* 


of profecuting the inquiry, fuch as ihe rarely affords to perfbnR 
of corrcft obfervatton. I will not Irefpafs upon your pages 
by a comment on the remaining fa6ls of my friend^ leOer; 
let them fpeak for themfelves; in particular, the preference 
of a thuntler cloud to low ground, in the prefence ot loUy 
objefis, including a tall tree. 

JOHN GOUGH. 

annotation: 

I BELIEVE (he opinion Uiat fairy-rings are caufcd by light- 
ningi is of confiderable antiquity. Dr, Prieftley gave fupport 
to this conclulion by bis experiment of the concentric rings 
formed on a poliihed metallic furface by the explofion of a 
battery. An effeft of this kind produced in Kenfinglon Gar¬ 
dens, is deferibed, with an engraving, in our Quarto Series, 
Vol. I. p. 54-6, 

’ W. N. 



On the Computation fif Tables of Squares and Cubes^ In a 

from E. O. 

To Mr. NICHOLSON. 

SIR, 

I SHOULD not have troubled you with any remarks on the 
method of computing fquares and cubes, if 1 had nut fecn tlie 
paper which ^as pointed on that fubje6l in your JournaU'toi^ 
lad July. , But as it appears, from lliat Ictler, that there may 
be perfons who would like to employ themfelves on thefe cal¬ 
culations, it is defirable that the plained and caficA methods 
flinuld be pointed out to them. 

Every one who is accuAomed to calculationv is af^uainted 
with the advantage of condantly repeating the fame opera¬ 
tions. When the refult of any calculation is to be made out, 
in fome parts by multiplication and in o^ts by diviiioii, rul>- 
tra61ion, or addition, it is impofTible loT^e mod unwearied 
diligence to avoid occafional raidakes. It is right, therefore, 
toiimplify as much as poffible in this refpe^; and if the calcu¬ 
lation 
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lati«n cannot be effedcd by a Angle operation, I believe I fhall Cofn^utaConef 
be joined by all perfons accuAomed to arithikietical compula -^ 
tion, in recommending the ufe of addition* in preference to 
fiibtraftion, and of multiplication in preference to divifion. 

Your correfpondent H, G. does not feem to have paid fuffi- 
cient attention to thefe confiderations; and 1 fear that he not 
only would be foon wearied, if he were to work by the me¬ 
thod which he recommends, but (what is of ftill more confe- 
quence) he could not depend for any continuance upon (he 
accuracy of Ins computations. 

The only method by which an extenfive (able like Mr. 

Councer^s could have been calculated, mud have been by the 
Cendant addition of didercnces; and the rules for this method 
may be eafify deduced from the following confiderations: Let 


x^3a, be 

any numbers in 

arithmetical pro 

gredion. Then by the binomial theorem. 


x^-j-Gax -|- 9a' 

Differences. 
Qax + 5a* 

2d Differencesm 


% 

• 2r/x -|- 3a' 

2a* 

T + 2rr j:*- j- 2a.r + 

2a r + a * 

2a* 


It will be foreign from my prefent purpofe to enter into a 
particular confideralion of the manner in wduch ihcfe differ¬ 
ences arife. It will be fulficient to remark, that the fecond 
diderence is condant, and that its value will be always 2, 
when we confider « as — J, or ihe progreflion x 3a, x-j-Qa, 
Xc.»as a fenes of common numbers diife'ringTrom one an¬ 
other by unity. Hence the tirfl differences of the fquares of 
fucli n^imbers become themfelves an arithmetical progreflion, 
of w'hich the common difference is 2; and confequenlly, if 
w(‘ Nijow the fird difference between (he fquares of any two 
fucii numtibrs, we can find the difference between the fquares 
of the two next. 

* If this opinion wanted any argument in its favour, I might 
fujipoit it by ilie authi/?tty of that able mathematician Captain 

Mendoza, who has calculated his new tablet in fuch a manner as to 

• 

ntiike ail the equations additional. 


What 
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Co«FllCital«l> 
fquares.ifid. 
cubes* < 


What has been faid may be exemplified by applying ibto 
the continuation of Mr. Councer's fquares. For 

798684121 is the fquare of 28261, 

798627600 is the fquare of 28260, 


56521 is their difference, therefore 56523 is 
the difference between the fquare of 23261 and the fquare of 
28262. By the addition in every inffance of 2, we may find 
the feries of differences ; and by the conilant addition of them, 
we may eafily find the fquares. Thus 

798684121 — 282^l] * 

56523 

798740644 “ 282^ 

56525 

798797169 “ 2826?-* 

56527 * 

-- * 

7i»bS53nOf; 28''6‘4-/ 

56529 

798910225 282t*5> 


By a fimilar method the table of cuU' might be continued 
by the addition of differences ; but, in this cafe, the calcula- 
tion will be a little more complicated; Becaufe, if (he terms 
of any arithmetical progrefRon be raifed (o the nth power, 
there will be n orders of differences, and the la/i will be the 
only one of them which will be confiant. For the cube, 
therefore, where n~3, we fiiall have one order of differences 
more than for tiie fejuare. , 

As befpre, let the progreflion be j -j- 3/7, x + 2fl, r + x, 
&c. 
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if therefore wc make a~U ihirti difference will he 

c^ftanlly 6, and the fecond differciuc will become 6x+ 18, 

6x-f I-:?, 6r«+6; fo that if any three number'^ be Uiken in 

an arithmetical feries (in which arr 1), the fecond difference 

of their cubes wifi beconftantly fix times the middle number. 

For the fake of example, we may apply ihefe obfervalinns 

to the continuation oiTMr. Councer*s cubes. We may confiiter 

26569, 26560, 26561, as part of an arithmetical feries: by 

the tabic we could find the difference of the cubes of 26559 

and 
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ComputatiMiof and 26560, and, by what has been obfervcd above, the fecond 

difference of the three cubes will be* 6.26560“ 159360 ; 
which, added to (he difTcrence between the cubes of 26559 
and 26560, will give the difference between the cubes of 
26560 and 26561. So far we (hould proceed exactly in the 
iieps which are traced out by your correfpondent H. G.; but 
I differ from him in this refpeft, that I fliuuld by no means re« 
commend this method for the folitary calculation of any parti¬ 
cular cube: it is only mentioned here for the fake of fliewing 
how toafeertain the numbers by which we mufi commence the 
feries of differences, when we want to continue a table which 
has already been calculated to a certain extent. For the third 
difference is conflantiy 6; therefore if we take an arithmetical 
progreffion, of which the terms differ from one another by that 
number, and whi^ begins with 159360 (fuch as 159360, 
159366, 159372, q'C. fye,), we fliall afcerlain the fecond dif¬ 
ferences of the cubes which we want to find. Tliefe fecond 
differences muff be added to the refpedive lirft dferences, r 
and, by tl)at means, we ftiall find a fcrics of numbers, which, 
added to each particular cube, will give us the cubes of the 
numbers next above it. Thus 


265<j0\3 
26559] * 


IS736316416000 
18731*200194.679 


211622112J — 20500)3 — 26559V 
159300 2d Difl'creiic'C. 


2ll6380t8i — 2(u(.‘j)3 ^65 

159366 2d Ddfercncc. 

,, 2L16539847 —^6562)^ - 205^» 
' 1.59372 2d D. 


2116690219 — 26503]3 ^ 26562] ^ 
15937S 2d D. 

2116858597 “ - 20563\3 '' 

15938t2dD. 

2117017981 — 26565]3'- 26561)3 

Having thus afeertained the lirfl differences, we may pso* 
ceed to add them to tlie cubes: ^ 


* The dot (.) between the figures is here ufed as the fign of 
multiplication. jif. 
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187363164IC000 =r 26560l* 

21163B0431 1(1 Di(f. 

iiB73a4327y64Sl = 2006 ^* 

2ll6-5.‘;9847 1ft D. 

I874054U336328 26562^ 

2116699219 1ft D. 

18742666035547 =r 2656?\* 

2116858597 1ft D. 

18744782894144 26564^* 

21170179S1 j'ft D. 

187 46899912125 = 2656^* 

The methods here ftated are, probably, the eafiefi which 
can be devifed for con(lru6ting an CKtenfive table: but it muft 
frequently happen, that the calculator will want the fquare or 
cube of Ipme number which is greater than any which is con- 
stained in the table. It may be ufeful, therefore, to confider 
the alliftance which the table may afford him in facilitating the 
computation. ^ 

It is well known, that z®*x * Therefore, if we 

want to find the fquare of a number which is c double of any 
contained in the table, we have only to multiply the given 
fquare by 4. In the fame manner, if we want to find the 
fquare of a number which is exaftiy three or four limes as great 
as any contained in the table, we may find it by multiplying 
the given fquare by 9 or 16’. Thus, for example, 

16522331600 r: the fquare of 12*i540; 

4 

ml ■ « 

66090126400 = the fquare of 25708^; 

• 16522274521 z= the fquare of 123539; 


Ceiap«t«tiWflf 

to r- ^ Mkd 


• 149700470C89 = the fquare of 385617. 

* I do not know whether it is worth while to mention the cir^ 
curoftance, but your correfpondent H. G. has made a miftake in 
the application of thi^r rule. For he fays that, if we multiply 
the cube of any given root hy 8, the produA will be the cube of 
twice the next rootwhereas the produft will be the cube of twice 
the given root. 


Id 
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CQHfU7ATZQN OF SQUARES AND CUBES. 

I 

In lb!s manner we may find the fquares of all even nunnbers 
which do not exceed the double of tlie table; wc may alfo find 
the fquares of numbers* to a greater extent* which are mul¬ 
tiples of 3 : the multiples of 4 and 5 may be fquared likewife, 
if we multiply by 16 and 2.?; but fquare numbers increafe 
very rapidly* and confequcntly this method can be only ufed 
(with advantage) for the fmall multiples of the tabular num¬ 
bers. Wc tnufi, therefore* confider feme other method which 
may be applicable to prime numbers and multiples of large 


ones. 

The fquare of 2x + 1 ~.4x* + ^ 4“ + 2 -f- 

2x’* — I ZI 2.T+n^ + 2x* — I, or 2,x +71* -f- j* — 1. 
If, therefore, we want to find the fquare of an odd number 
which does not exceed the double of thofe which are fquarGd 
in the table, we muft divide the next even number below it 
by 2* and this half will be equivalent to x in the above equa¬ 
tion ; the next number above this half will give 
Having thefe two fmaller numbers, we may find their fquares 
by the table; and the fum of their fquares multiplied by 2* 
will exceed the fquare required b;- 1. Thus, ir it were re¬ 
quired to find the fquare of 25707ft = 2. J 28539 -}- 1; Here 
X = 123539, and x -|- 1 = 128540; therefore, by Mr. Coun- 
cer's table* the fquare of 128540 would be 16522531600 
the fquare of 128539 would be 16522274521 


33044306121 

2 


66089612242 

Therefore the fquare of 257079 is 660896122M. 

Inftead of examining'each particular cafe, when the number 
to be fquared is more than the double of thofe in the table, it 
will be beft to confider the theorem, from which a general qilc 

may be deduced, ^.r + -j- 2mx a® ~ nx* ^ 

2anx + na® -|- «*—//.a:=4- 1 — «.fl* — 1.x* 

4-1 “ «. ^ w < r 4-ttV 4* ^ ^ 4* I — n,. Hence w^e 

muft multiply x* by «-i, to the produQ add7+«>, multi- 
ply the fura of ihefe two quantities by w, ^nd this laft produft 
will exceed the fquare required by /i— i .d®. The only cau¬ 
tion nccelTary* is in dividing the given number by x; for as 


we 
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u 

vr^ Aippofe it equal to nr-f-a. we fliould make x as great as it Compatatwa^f 

poflibly can be, without being fo large, that when added 

to the remainder a (as it fliould exceed the numbers 

of which the Iquares are given in the table. Becaufe a and a 

are the only numbers by which we have to multiply, and as 

a muft be lefs than n, we (hall always have them as final! as 

poffible, if we take x according to the direAions here given. 

If, for example, it be required to find the fquare of 385618, 
which is greater than twice, and lefs than three times 12S540 
(the greateft number which is fquared by Mr. Councer’s 
table); here 383618 — 3.128539 + 1; therefore if n — 3, 

X 1^128539, and a~\, x + a will be — 128540, and will be 
within the extent of the table: Hence 

x*,or the fquare of 128539, would be by the table 1652227 4521 

tt—1, or 3—1 - - 2 


• 33044549042 

or the fquare of 128540, would be 1032253J6OO 

^ 49567080642 

• norS » - 3 

_ I 1870] 2-11926 

andasn— 1 . a* = 2, the fquare of38561S willbe 148701241924 

If the fquare required were that of 385619, in this cafe 
and confequently, if x~ 128539, x + o, or 123541, would ex¬ 
ceed the extent of the table: therefore n muii, in this cafe, 
be equal to 4, x—9 6404, and a —3, and 

. the fquare of 96404 = 9293731216 

• .• 5 

27881193643 * 

• the fquare of 96407 = 9294309649 

37175303297 

4 


148702013188; bula~i.o»= 

3.'), or 27; therefore the7 , 4070201 -I'lfii 
fquare of 385619-is j 148702013161. 

From this example we fee the necellity of being careful 
that X 4* cloes not exceed the numbers in the table; at the 

fame 
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CocnputatioBof (ame time it may be remarked, that this is an extreme cafr^ 

which can never occur but under particular circumflances; 
for it only happens when the number to be fquared is lei's than 
a multiple of the highed number in the table, and greater than 
the fame multiple of the number next lefs than ihehighed; 
that is, for a table like Mr. Councer’s, it mud be lefs than 
»*. 128540, and greater than m , 128539 : under thefe circiim* 
dances, if a be greater than 1, the cafe will occur which is 
the fubjefl of the above caution. 

It remains for us to confider the method of finding the cubes 
of numbers which exceed thofc given in the table. 

Upi»n the principle to which we referred before, that x*" x 

we may find tlie cube of a number which is a mul¬ 
tiple of any one contained in (he table, by fimple multiplica¬ 
tion : for the cube of any number multiplied by 8, will give 
the cube of double that number; the cube multiplied by 29, 
64*, or 125, will give us the cube of 3, 4-, or 3 tmics the 
number: Thus, 

3368928644271 = the cube of 11991 

8 


26951429J51J68 the cube of 299S2, 

1045678373000 = the cube of 10150 

27 


73197 IS()25()00 
20913j(>7;.0()00 

28233316125000 the cube of 30150. 

But as the cubes incrcafe more rapidly even tlian the fquares, 
it will IliII be more noccffiry in this cafe than in the former, to 
edablilli fome means of finding tlie cubes of thofe high nu^i- 
bers which are cillier prime or not esadlly a fmall multiple of 
a number contained in the table; and b} proccciiing in a man¬ 
ner fimiUr to tliat wliicli \vc uled for the fquare.s wecafi'y 
edabhfli a general rule for this purpofe ; Kor7,i -f-r7)’ = 

a 3 -f 3«//‘ — 3«rt. X * -f tt ’ - nti 3 + w.« = - J. x ’ . 

I * 4-1 —71.a3 — nX ^ 1.7?^ 4-3flx^'+ 

I — I>ctermlne, therefore, n, x, and a, in tlie fame 

manner 
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nwnner as for ihc fqnarc, and be equally careful that x+ a Computationgf 

. —. ■ ■ — fqu.ires and 

does not exceed the numbers in the table; add » 1 . x^ to cubes. 

3ax^ ; multiply the fum of thefe two quantities by w—1 ; to 
the produft add x + «Vi and multiply this fum by n : this Jatl 
produft will exceed the cube required by n— 1 .o’. 

If, for example, it be required to find the cube of 53119 , 
or 2.2G359 + I : Then n = 2, a = 1, x = 26559, and x4-a=r 
26560, and the cube of 53119 = 2 X 

4- 3.26^9]* +3.265591* - I: Therefore, by Mr. 

Counccr's table, the cube of 26559 would be 18734200194-879 

The fquare of 26559 - 705380481 

187349055733()0 


56204716726030 
The cube of 26560 - 18736316416000 

749W0331420SO 


J49882066284160 

tlipreforc the cube of 53119 is - 149882066284159 

Lafily, let il be required to find the cube of 79601, or 
3.26533 + 2 : here n = 3, o = 2, x = 26533, z= 

26535; therefore, by wliat has been demonfirated, 

= 3 X 26^’ +2 X 4.2b333\* + 6 . 21 ^ 5 ]^- 2.8. 

26533V =704000089 26533\’ = 18679234361-1.37 

3 2 


2112000267 .• »73584-68722874. 

2112000267 


37 3 GO.') .307231-11 

4 


1491-12 3'22 « y 25 6 4 
265^* =; 18683.158080375 


168I2578157'2939 

3 


504377311718817 

Therefore the cube of 79601 Is • 50]37534471380l 

E. O. 
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ANAtYSiS OF A MINERAL, &C. 


HI. 


Anahjfii of a Triple Sulphuret of Lead, Antimovy, and Copper, 
from Cornwall^ By Charles Hatchet, Efq* K i2. S. 

From the Philofophical Tranfa^ions for 1804, 

Hiftory of ihc The fubftance which forms the ftibjefl of this paper, has 
niucral. hitherto been regarded as an ore of antimony ; it is extremely 

rare, and has only been obtained from Huel Boys, in the parifti 
of Endellioii, a mine wliich, from deficiency of profit, has for 
fome time been abandoned. 

The fcarcity of the ore lias probably been the caufe of its 
being unknown to foreign inineralogifls; indeed few even of 
the BritiQi cabinets potTcfs it; but the niofi perfect and beautiful 
fpccimens arc (as lar as 1 know) to be feen in the fplendid 
collefilion of Philip B.n(hleigh, Efq. of Menabilly, in Corn¬ 
wall. 

To Mr. Rafhleigh we are indebted for the firft defeription 
of this ore* ; but no fubrequent notice had been taken of it, 
until the preceding paper was written by (he Count de Bournon, 
whofe eminent merits, as a mineralogitl and cryllallographer, 
arc w'ell known to this Society. 


Sp. gravity. 


J. 

The fpecific gravity of this fubftance is o7dfi, 63* of 
Fahrenheit. 



Heat by the 
Wow-pipe ex¬ 
pelled fulpliur 
and whice Fumes, 
and left fulphu- 
jet of lead and 
metallic copper. 


If fuddenly heated on charcoal, by the blowpipe. It crackles 
and fplits; but, when gradually expofed to the flame, it 
liquifies, and, upon cooling, ail’urn';^ a dull metallic grey 
colour. 

When the globule was longer expofed to heat, white fames 
(which at firfi had a fulphuieous odour) were evolved, and 
partly fettled on the charcoal. 

Ebullition prevailed during the difeharge of Ihefe white 
fumes; and the globule gradually iuffered confiderable dimi¬ 
nution, remaining at length tranquil, and of a very dark gray 
colour. 


* Specimens of Britifli Minerals, felcfted from the Cabinet of 
Philip Rafldeigh, Efq. F. R. S- &c. Part I. page 34, Plate XIX. 

Upon 
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JLJpon examination* this appeared to be principally lulphuret 
of leadi which, like a cru(l* enveloped a minute globule of 
metallic copper, lb malleable as to bear to be flattened by a 
hammer. ' * 

III. 

Some of the ore, fiiu-ly powdered, was put into a matrafs, with 

and nitric acid diluted with an" equal portion of water was 
poured on it. U|K)n being digcfled in a low heat, a confiderabic ted fulphur, lead, 
part, was dilfolved, with much elFervefcence. Some fulphur, 
which floated, was feparated ; and the clear liquor, which was litUe lr^n. 
bluifli green, was decanted from the reflduum at the bottom of 
the velFel. 

A great part of the excefs of acid being expelled from the 
folution. It was largely diluted with diflilled water, and fome 
diflbived muriate of foda was added; but this did not produce 
any alteration in the tranfparency of the liquor. A folution of 
Sulphate of foda was then poured in, and formed a very copious 
precipitate of fulphate of lead. 

When this had been feparated, the liquor was faturated with 
ammonia ; by which it was q^anged to a deep blue colour. A 
few flocculi of iron were feparated ; and the remainder was 
found to contain nothing but cupper. 

The fulphur wliich had floated, was added to the refiduum 
which had fubflded to the bottom of the matrafs; and the whole 
was digefled witli muriatic acid. This folution was of a flraw 
colour; and, when feparated from the fulphur, and poured into 
a large quantity of water, aflbrded a plentiful white prc« 
cipitate. 

^his precipitate was completely refolycd into white fumes, 
by the blowpipe; and the muriatic folution of it, when added to 
water impregnated with hydro-fulphurel of ammonia, formed 
the dl'angc coloured precipitate, commonly known by the ap* 
petlation of golden fulphur of antimony. 

• « 

IV. 

Muriatic acid did not immediately a6l upon the pulverized The fame refulu 
ore; but a folution was fpeedily eflefted by the addition of a 
few drops of nitric acid : pure fulphur was feparated ; and the acid and a Tittle 
Jiquor, being decanted into water, yielded a copious precipitate 
af oxide of antimony.. 

4 The 
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The filtrated rolution, by gradual evaporation, afforded 
crytlals of muriate of lead; and the lead which afterwards 
remained in the liquor, was feparated by a few drops of fui* 
phuric acid. 

The folution wa< now of abright green colour, and, as before, 
was found only to contain copper, and a minute portion of iron; 
the former was therefore precipitated in the metallic Hate, by a 
plate of zinc. 

Thefe experiments, with others which I have not thought 
neceffary lo mention, prove, that the conftituent parts of this 
ore are lead, antimony, copper, and a little iron, combined with 
fulphur; and, when the fpecific gravity, the external and in¬ 
ternal colour, fraflure, grain, and other chara^ers are ronfi- 
dered, there can be no doubt but that at lead the three fird 
metals exid in the ore, in, or nearly in, the metallic date, 
combined with fulphur, fo as to form a triple fulphuret; to af* 
certain the proportions of which, the following apalyfis was 
made. 


V, Anfdylis^ 

Analyfis* Pul- A, 2O0grains of the ore, reduced to a fine pow'der, were pul 
verizing. into a glafs matrafs, and, two ounces of muriatic acid being 

added, the veflel w'as placed in a fand-bath. As this acid, even 
when heated, fcarcely produced any effefl, fome nitric acid was 
gradually added, by drops, until a moderate edervefccnce began 


Digeftion with 

aitro-xnur. acid. 


left fuJpbvT' 


to appear. 

The whole was then digeded in a gentle heat, during one 
hour; and a green coloured folution was formed, whild a 
quantity of fulphur floated on the furface, which was colledled, 
and was again tiigefted in another vefled, with half an ounce of 
muriatic a,cid. 

Tilt* fulpliur then appeared to be pure, and, being well waflied 
and dried on bibulous paper, weighed .Si grains ; it was after¬ 
wards burned in a porcelain cup, without leaving any other 


reddium than a flight dark dain. • * 

The green folo- B. The green folution, by cooling, had depofited a white 
tion afFoided, by fjjiii-je Jednnent; but this difappeared upon the application of 
*“^beal, and the addition of the muriatic acid in which the fulphur 
had been digeded. 

The iolulion was perfefliy tranfparent, and of a yellowifli 
green: it was made tu boil, and in this Hale was added to three 


quarts 
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of boiling diftilled water, which immediately beceme 
like milk; ihis was poured on a very bibulous filter, fo that 
the liquor pafled through before it had time to cool; and 
the white precipitate thus colleded. being well edulcorated 
with boiling water, and dried on a fend-bath. weighed 63 
grains, 

C, The wafliings were added to the filtrated liquor; and theand by fubft- 

whole was gradually evaporated at different times, between^'**”* erapora* 

1 r L* 1 #- . , , . . .tion munate vf 

each or which it was tuffered to cool, and remain undiilurbcd/f^^. 

during fevera! hours, A quantity of cryflallized muriate of 

lead was thus obtained, until nearly the whole of the liquor 

was evaporated : to this lad portion a few drops of fulphuric 

acid were added, and the evaporation was carried on to 

drynefs; after which the refiduum. being ditfolved in boiling 

didilled water, left a fmall portion of fulphatc of lead. 

The crydallized muriate of lead was then ditfolved in boiling 
water; aqd, being precipitated by fulphate of foda, was added 
*to the foriner portion, waswathedi dried on a fand-batb, and 
then weighed 120/20 grains. 

D, The filtrated liquor wayiow of apaleblui(h<^green. which Ammonia threw 
changed to deep blue, upon the addition of ammonia; 

ochraceous flocculi were coileded. and, when dry. were 
heated with wax in a porcelain crucible, by which they 
became completely attra^able by the magnet, and weighed 
2.40 grains. 

E, The clear blue liquor was evaporated nearly lo drynefs; The blue liquor 
and. being boiled with lirong lixivium of pure potath. until and boiU 
the whole was almoft reduced to a dry mafs, it was ditfolved aniTthen diflbl- 
in boiling difiiilcd water; and the black oxide of copper, being in water give 
colle'filed and wathedon a filler. was.a>mplelely dried, 

weighed 32 grains. 

200 grains of the ore, treated as here fiated. afforded. 


Grains. 


A. Sulphur - - * - 34 , 

• B.« Oxide of antimony - . 63. 

C. Sulphate of lead • « 120,20 

D. Iron ... - 2.40 

E. BIack oxide of copper • 32. 


Produft'. 


But the metals compofing this triple fulphuret are evidently 
xn the metallic Hate; and white oxide of antimony precipitated 
: VoL. IX.~Sbptkmbkr. 1804. C from 
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Component 

parts. 


195.70 

Lofs - 4.30,. 

Or, per cent. 


Sulphur - ^ • 

17. 

Antimony . » . 

2L23 

Lead ----- 

42.62 

Iron - - • . - 

1.20 

Copper • • . » 

12.80 


97. S.5 

Lofs 

2.15 


Thefe proportions, I have reafon to believe, are tolerably 
exaft; for I did not obferve any eflential variation in the reFulU 
of two other anatyfes, wvhich I made of this fubflancc, with 
every pofliye precaution. 

Tlie lofs may be principally afcribed to the oxide of anti¬ 
mony and fulphate of lead; but efpeciatly to the former, 
which has a great tendency to adhere to filters and glafs 
velTels. 

In fome of the preliminary e^tperiments, I obtained a final] 
portion of zinc; but, having received, through the kindnefs of 
Mr. R. Phillips, of Lombard-ibreet, fome pure cryftaUof the 
ore, 1 found that (he zinc had proceeded from blende, which 
was imperceptibly mixed in the fpecimens which I had firll 
examined. 

litfcrtption 


from muriattc ttcid by water, is to metallic antimony as ISO to 
100; therefore, the 63 grains of the oxide mud be eflimated 
at 48.46, grains of the metal. 

Again, fulphate of lead is to metallic lead as 141 to 100; 
therefore, 120.20 grains of the former arc = 85.24 grains of 
the latter. And, Uftly, black oxide of copper contains 20 
percent, of oxygen; confequently, 32 grains of the black oxide 
are = 25.60 grains of metallic copper. 

The proportions for 200 grains of the ore, will therefore be. 


Sulphur 

1 

1 

Antimony 

4S.46 

Lead - - - 

85.24 

Iron - . - 

2.10 

Copper 

25.GO 
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Defcrifiion of a compound EleBrical hfinmefit far condenfing 
and doubling: 'mih Experiments^ By Mr. Wilson. 

London^ Auguft 10, 1804. 

To Mr. NICHOLSON, 

S^R, 

i TAKE the liberty of troubling yoa with the following ac-Compound 
count and drawing of a compound condenfer of eleflricity, 
which I think is an improvement on Cavallo’s multiplier of 
ele6iricityf deferibed in his Treatife on Ele£tricity in the 
tltird volume, of the fourth edition, and if you think it worth 
a place in your Philofophical Journal, you will very much 
oblige me«by inferting it therein. 

lam your obedient 

Humble fervant, 

. • W. WILSON. 

The drawing is an exa£l reprefentation of the infirument, Defcript'ion and 
about half its real fize, (Plate The plates A, B, C, 
and E are fupported by glafs (licks, covered with fealing wax 
at the upper part; but the plate F is fupported by a wire, 
which has a joint at the bottom, by which it may be brought 
near the plate E, or thrown back away from it. 3 is a ferew, 
which (lops againft the glafs fupport of £, and regulates (he 
clittance of the two plates when one is brought near the other. 

T|jc plates A, C and £ are fixed to ihe.hottofti board, and B 
and D to the levers L I, which move round the pins p p, and 
and areconneded by the rod R. It will be feen by the draw* 
ing,*that when the lever L is moved, the plates B and D are 
moved in contrary direfiions, that is, they both approach to* 
wards ortrecq^e from (he plate C at the fame time, but on op- 
polite (ides. The faces of the plates are ground flat, and they 
are fo adjufled (hat if the ferews 2 2 did not flop the levers 
when they are moved, the face of B would flop flat againfl the 
face of A, and fo would the face of D againfl C. The ferews 
.2 2 flop them when at a very fmall diiiance, which may be 
made more or lefs by turning the ferews. o 

C 2 This 


doubler of 
electricity. 
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o 

eonif^eV * This inflrunient ferves the purpofe of a condenfer, a (ingle 
fingic and double double multiplier, and a doubler of elcflricity. When it 
muinplier, and a js ufed as a (ingle condeofer, the plate B is brought as near A as 

the ferew 2 will permit, and then thciyires b and / touch one 
another and uninfulate fi, which iucreafes the capacity of A, 
At the capacity of A is increafed it will receive a greater charge 
of electricity from any eleClrified body brought into contaCt 
with it. Confequently, when B is removed, the charge on A 
will be much more inlenfe than it would have been if the plate 
B had not been oppofed to it; but this inteniity will not be 
greater than that of the eleClrified body, if its furface is nut 
greater than the furface of the receiving plate A; for a con- 
denfer does not increafe the quantity of eleftricity, it only col¬ 
lects it into a fmaller fpace than it was before. So that if the 
electricity of a very fmall body is required to be afeertained, 
the (imple condenfer will not anCwer the purpofe. Some other 
means mu(t be ufed when this is the cafe, and Cavallu^s multn 
plier is the leaft exceptionable of the in^ruments ufed for tins 
purpofe. The infirument reprefented in the drawing forms a 
multiplier, either (ingle or double, for when B is near A and 
uninfulated, A will receive a much greater charge that it would 
if B had not been near. And bccaufe B is uninfulated, A will 
induce a contrary flate on B, and of nearly equal inteniity; 
which ilate is preferved: For the indaDl the lever is moved to 
carry B farther from A; the contaCl between the wires band/ 
is difeontinued, i?nd B infulated, and as it removes farther 
away from A, the intendty of its charge will increafe the fame 
as that of A will, and be ready to part with nearly the whole 
to another condenferv 

Now as the plate B removes away from A, the plate D ap- 
proaches C, and when at a Imali didance from it, the wires d 
and g come into contaCt^ which operation uninfulates D,* and 
therefore caufes the two plates C and D to form a condenfer; 
and at the fame inftant that d touches g, the wires b aud c touch 
one another, fo that nearly the whole of the charge of B is 
communicated to C, which induces a contrary flate on as 
the charge of A did on B. D will therefore be in the fame 
ilate as A is, which Hate is preferved; for (he inftant the plate 
B removes away from near C, the plate D alfo removes away 
from it, and the contaCl between the wires d and g is difeon- 
^inued, and D infulated; and by continuing the motion the 

plate 


4 
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pljte B will come near A, and D w'ill remove away from C J** \ 

till the wires b and/touch one another^ at which inftant the and doable 

wire d touches the wire e. Now if the plate E and F are 

near one another, they will form a third condenfer, and nearly 

the whole of the charge of D is communicated to £ in the 

fame manner the charge of B was communicated to C ; at the 

fame time B recruits its charge by coming near Ay which will 

be communicated to C, which induces a contrary Hate on D, 

and which D communicates to E, and this operation is re« 

pealed every time the lever is moved backwards and forwards; 

fo that the charge on C is increaiing at every motion of the 

lever, while the charge on A remains the fame; and when C 

becomes fo much charged as not to be capable of receiving 

any mofe from B (which will be the cafe in a certain number 

of motions) the operation will ftill go on between D and E» 

the charge on £ increaiing while the charge on C remains the 

fame, fo that £ will acquire a charge as much greater than C 

AS the charge on C is greater than the charge on A, which will 

be manifefted by removing the plate F away from £. When 

the wire a is ferewed into the plate A, and conncfled with £ 

by means of the wire 4 5; iSe inllrument then pofl%(Ies all the 

properties of the double of ele£)ricity, for then all the charge 

communicated to £ (which is of the fame nature as that of A) 

will be communicated to A, which will continually increafe the 

intenlity of its charge, and that will have an increafed effeft 

on B, &c. at every motion of the lever. There is no limits to 

this accumulation, but that where the charge is fo inteiife as to 

pafs from one plate to the other in the form of a fpark, 

I have made many experiments with this indrument relative On the fpon- 
loJlsTpontaneouseleflricily, and I find^ as a^ngle multiplier !**J;*ty 
(that is when an ele£lromeler is connefled with C) it has nomftrumcAt. 
efie6t on the mod delicate gold leaf ele£irometer I could make; 
butts a double multiplier (that is when an ele^rometer is 
connected with £) there is fome fmall eflefl if fome ele£lricity 
had been cun\p)unicated to it within an hour or two, although 
it may have been difeharged by touching each of the plates with 
a metal point (wUich I find is the mod ededual way of dif- 
charging fmall portions of ele61ricily,) but if it has dood three 
or four hours after being difehargedy it will not give any figns 
^of ^leflricity. When ufed as a doubler it always becomes 
eledrided with between eight and fixteen motions of the levers 

2 even 
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even though it has not been ufed for two or three months, — 
But if it has been ufed within two or three hours| the effe^ 
will take place with fewer motions of the lever, and if it has 
been ufed within a few minutes, two or three motions will be 
more than fufhcient to afcertain the quality of the ele6iricity. 

It is to be obferved that the indrument was always difcharged 
(by the metal point as before obferved) between each trial. 

In the courfeof making the experiments on the fpontaneous 
electricity of this indrument 1 found that it was always pod- 
tivc if the indrument had not been ufed for two or three daySf 
whatever eleClricity it was lad charged with. But the time it 
mud dand unufed after it has been difcharged, to produce this 
effect, depends a great deal on the weather; if the air is very 
humid, twenty-four hours is quite fufRcient, but if it is very 
dry, it will require four or dve days. 

After I had obferved that after the indrument was charged 
with pafitivc deClricity its fpontaneous eleClricily was always 
podlive; and that after it was charged with negative eleCtn- 
city, its fpontaneous electricity was negative onlv within a 
certain time after it had been ^difcharged, and then became 
podlive; and alfo that it required a greater number of motions 
of the lever to produce a certain effect on the eledrometer 
with negative eledricity, the longer it flood after it had been 
charged with negative eledricily, and that when it became 
pofitivc, the longer it dood the lefs number of motions of the 
lever it required to effed the eledrometer with podtivc elec¬ 
tricity to a certain degree, and this within foino certain limits. 

I was at a lofs how to account for this change. However, 
after fomc condderaiion, 1 began tofurped tlial (he plates (al¬ 
though all of <hc fame metal, copper) had each a prop‘?rty 
peculiar (o ilfelf, of acquiring a certain fiuall charge of one 
kind of eledricity in preference to the other; and that if they 
were left to themfelves they would naturally do fo. 1 thdl'erore 
began a fet of experiments to afcertain the probability of this 
fuppodtion. Fird, diredly after the indrument had been ufed 
for negative eledricity, I dlfcliarged it by touching each of the 
plates with a metal point, which I held in contad with each 
plate for two or three feconds. An eledrometer was tiien 
conneded with t]]e plate A, and while it was in this fituation, 
it was made to diverge with podtive eledricity it was then 

* « 

* The eledrometer was made to diverge by bringing an excited 
glafs or fealliig wax near it. 

dlf- 
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^fcbarged by a flight touch with the finger, the lever was then On th® fpun- 
moved backwards and forwards about fourteen tifnes, and the ^ 
eleftrometer diverged with negative elefli icity. This was re« inftrumeat. 
pcated feveral times with the fame effeA. 

The lever was then put in fuch a pniition that the plates 
could not be fuppofed to a£l as condenlers, one pair more than 
another, and the w^hole was left'uniouched for twenty-four 
hours. It was then tried, and with twenty motions of the 
lever the electrometer diverged with [>o(itive eledricity. 

It was then left untouched for eiglitecn hours more, and on 
trial the elefiromeier diverged with pofilive eleflricity. The 
inflriimenl was next difcharged w'ith the metal point as before, 
and the electrometer made to diverge with negative eleCtricity, 
which was difcharged by a flight touch of the finger. The 
lever was now worked, and with nine motions of the elec* 
trometer diverged with pofitive eleClricity. It was then dif- 
charged»and left untouched for flxleen hours, after which it 
diverged with politivc eleCtricity alter a few motions of the 
lever. It was then left untouched for five days, after that 
time it gave pofitive eIcClaicity when the lever was worked. 

Thefe experiments I have repeated a great many times with 
the fame effeCt. 

As It appeared from the foregoing experiments that the re- 
flduum on the cleClrometer was infufficieut to overcome the 
efl'eCtof thereflduum on the plates, I was induced to charge 
the whole inflrument with the eff'Ci of the eleClricity, I wmid 
wifli to communicate to it, and (his I did by making the elec¬ 
trometer diverge with the defired eleClricity, and while it was 
divergent 1 began working the lever, to communicate the ef¬ 
fect to all the plates. I charged the mftrurnent with negative 
electricity firfl, and difcharged it with the metakpoint. The 
le^er was then worked, and in eight motions the electrometer 
diverged with negative eleCiricity. It was then left untouched 
for five days, whei\ eighteen motions of the lever made (he 
eleCtrometdf diverge with pofitive eleClricily. This has been 
often repeated yvith tlie fame efleCt. 

The inflrument was next charged with pofitive cleCtrIcUy, 
and difcharged as before, after which, fix motions of the 
lever made the electrometer diverge with pofitive eleClricily. 

It was left untouched for twenty-four hours, when the elec¬ 
trometer 
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trometer diverged with poiitive eledricity with twelve motions 
of the lever» and fo it did after it had flood untouched for fix 
days. 

The probability of the foregoing fuppofition concerning the 
property of the plates acquiring a charge of one eledricity in 
preference to the other, was more (Irengthened by the follow¬ 
ing experiment, which has been repeated feveral times. The 
infirument was charged with negative eledricity, and then left 
without difcharging for twenty-four hours, when fixteen mo¬ 
tions of the lever made the eledrometer diverge with poiitive 
eledricity. 

I make no doubt if the plates were of different metals this 
effed would be more ftriking, and that in fome cafes we 
ihould have the contrary eledricity. 1 intend to confirud one 
of thefe inilruments in fuch a way that plates of any metal 
may be put on, and their eflfecl tried. I think this a fubjed 
well worth purfuing as it may throw Tome light on fome of the 
phenomena of eledricity, which have their caufes at prefent* 
buried in obfeurity. 


I 



Note reJpeSiing the Sufpenjion of Zinc in Hidrogen, and the con* 
Jkqumt Ignition and Fafion qf Flatina Wire^ Bj/ Amicus, 

To Mr. NICHOLSON. 

Dear Sir, 

Ignition and I EMPLOY n'^ajbmter of a much more fimple conflrudion 

much lefs expence than Lavoifier\s which that ikilful and 
gjzometerj intelligent artifi, Cuthbertfon, invented at my entreaty, about 

ten years ago. It is deferibed in your valuable Journal (quarto 
feries, vol. II, p. 235.) The brafs rod or the thick wire, which 
conveys the eledric fire through the upper receiver, has about 
half an inch of platina wire appended, to hang juft over the 
aperture through which the hydrogen gas rifes at the bottom 
in the brafs work. Zinc of any other fort of metal would 
either be melted or readily oxide d._ B ut the other day, I was 
much furprized to fee the platio^plA on becoming as ufual 
red hoi from the flame of the hyAg^^as, melt into globules 

as 




description of a BLOW-PfFE. 



as aeadily as copper or brafs wire would have done* I foon —^ufed by the 

perceived from the colour of the flame of the hydrogen and 

(he depoiit of white clouds on the infide of the glafs, that the 

rapid folulion of the finely powdered zinc ufed to afford the 

gas, that this metal was a6tually fufpended or diffolved in the 

gasj and hence the zinc acting to the platina fufed the latter. 

It may be perhaps ufcful to know this fad, which occurred 
during the public ledure, 

Your\ as ufual, 

AMICUS. 


Julj^Q, 1804. 



De/tription^of a Blow^Pipe adtinp; by the Prejfure qf Waterg by the 
* Abbe Melograni, In a Letter Jrom Mr, G, B. Gkeenouoh. 

To Mr. NICHOLSON. 

SIR, • 

No, I5t Parliament^Slreetg 
Augufi IS, 1804. 

FkRMIT me to make you acquainted with the principle of Bl»w-pipe fnp- 
an inftruraent invented by the Abbd Melograni, and ufed by fpjy^alurnitcl^* 
him at the Royal Mmeralogical Coliedion at Naples, as a chan’ing tbesr 
fubftitute for the blow-pipe. I regret that I cannot fend you pof»bon4. 
an accurate account of its conflrudion» as 1 made no fketch 
at the, time, and fpeak only from recolledion. 

Two hollow glafs globes of convenient*fize*were conneded 
together by two brafs tubes laid along-iide each ot))er, one of 
them having a valve or (lop cock, I am not fure which, at 
each end, and a fide tube of the fame metal going off from the 
middle at right angles. The frame was attached to the verti* 
cal tubes/foas to allow the globes to circumvolve each other. 

Let the lower globe be half filled with water and inverted; 

Then the water in A (Fig, 2. Plate IV.) running into B 
through (he tube C, will force a confiant fiream of air into 
the tube D, and ihencp, the upper orifice being clofcd, into 
•the fide-tube £, at the mouth of which the candle is placed. 

When the water is nearly run out invert the globes. 


If 





^6 


t 


MINfiRALOGlCAL SYSTEMS. 


If (he principle of (his inllrument Aiall appear to youvde, 
fervinf|r of the public attention, it would give me pleafure to 
fee it fubmitted to the readers of your excellent Journal. I have 
the honour to fubfcribe xnyfelfy 

Sir, 

Your obedient humble fervant, 

G. B. Greenough. 


VIL 

Outlines of the Mineralogical S^em of Borne de Lyle and the 
Uauij; xiith Ohfervaiions, By the Abbe Buee^ CV)«i- 
municated by the Hon, Robert Clifford. 

To Mr. NICHOLSON. 

SIR, 

Outlincsof the VV HEN the public mind appears at any time to direft it- 
irificralogi^l ^ fdf towai ds a paj livular fcicnct (as it does at prefent towards 

dcVii[lc"and*the mineralog),) no peifun can feel Ihc neceffity of removing any 
AbbL Hauy. erroneous opinions relating to that feience, more forcibly than 

a gentleman who dedicates his time, as you do. Sir, to pro¬ 
pagate coitcQ feience by means of your Journal. Actuated 
by the fame fentiments, may 1 requetl the infertion of the en* 
clofed paper, whofe objeCl is to remove feveral erroneous 
opinions relating to the mineralogical fyftems of Romd de 
Little, and of the AbbdHany. It was wrillen by the Abb^ Bu^e 
in French fora friend of his, but on its being communicated to 
me by the author, Itequelled leave to fend an Englifh tranf- 
lation of to you, thinking it might be acceptable to thofe 
who are fond of philofophical purfuits. Should your oninion 
coincide with mine, you will certainly afford it a place in one 
of your enfuing numbers. 

And I remain. Sir, 

Your very humble fervant, 

Robert Clifford. 

TTelbeck^Streett July 13, 1804'- 
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A ^Letterfrom the AhM Bu4e to Mr, —, on Mr, RomS de VIJlc's 
and the Abb6 IIauif*$ Theories of Crt^allographym 

S\Rt 

IN confequence of your requeft, I fend you the parallel of benv^ 

the two Theories of Cryftallography, which feera to divide Komc de I'iJla 
mincralogifls in this country, thofe of Mr. Rom6 de L’lfle and Hauy. 
of the Abbd Hauy. You are perfectly acquainted with the 
former theory^ but nearly a flranger to the latter. Having 
lived i’or fix and thirty years in habits of intimacy with the 
Abbe, I dwell with pleafure on bis works, and will do xny 
Otnioft to fatisfy your curiofity. 

To Mr. de L^Ifle is due the merit of having called tlie at- De rifle firfl 
tentioii of naluralifts to that ncglefled branch of ^dneralogy, 
cryftallography; of having difeovered that that branch, though phy. 
neglected, was perhaps the moft intcrefllng part of mineralo- 
gv, and only part which could ralfe it to the dignity of a 
c on eft fr-ience; in fhort, of having difeovered order, by nu- 
meious obfervations as ingenious as new, (here, w'hcre a 
Cronftet, a Bergman, a Bu^on, or a Kirwan could perceive 
notliing butconfufionj and thus foemed to refeue nature from 
the charge of caprice, almofl imputed to it becaufe great mi- 
neralogifts had neglefted to fludy ils unerring laws. 

It was exclufivcly referved to the Abb6 Hauy to point out, Hauy firft cx- 
to explain, and apply Ihofe laws. He demonftrated where 
De L’lflc affirmed. He difeovered tliofe hidden fadts, which 
he has fiucc fhewn to be the mathematical confcquenccs of 
fafts obferved by De L’lfle. If the latter furniHied a part of 
the materials, the Abb<? has augmented and employed them, 

TJie difeoveries of ihefe two writers,lbrc<^ me to fubdivide 
cryftallography into two diflinft parts; deferiptwe and phi- 
lofophical; and under thefe two heads I will rapidly deferibe 
th? labours of each author. 

t 

Defcriptive ,—The moft important part of Mr. de L’lfle’s Dprcriptlve cry- 
work cdniifls in hiscryftallographical tables. In each of thefe {je Uflj*subles 
tables (feven in number) he deferibes one of the principal 
forms aflumed by cryftals, and then delineates the different 
modifications of which that form is fufceptible, by means of dif¬ 
ferent troncations (troncature) as he calls them. 

For elucidation, let us take a cube, the primitive form of Modifications of 
the fecond table. Acube, it is knowoi has fix faces, erght 

^ , by troncatioiii. 

^ fOitu 1 nuance lUc , 

cub;. 
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folid angles, and twelve edges. If the cube be irunrated m 
a parallel to one of its faces, a reflangled parallelipipedon will 
be producedj and the equality of the faces will be deflroyed. 

If the eight folid angles of the cube be Aruck off, eight 
new twes will replace the eight folid angles, and in place of 
iix tides we (hall have fourteen. If the twelve edges be taken 
otf, twelve new faces will fucceed the ilrait lines, and the 
folid will have eighteen fldes. Such are De L^Ifle’s fimple 
ironcalions. They may be then combined with each other, and 
made more or lefs deep; hence an immenfe variety of new 
figures. But (hefe new forms again may be truncated in the 
directions either of their faces, folid angles, or edges, and 
(hefe new troncaiions more or lefs deep, called by De L’lfle 
JliMroncaturcitj may alfo be combined with each other. Here 
(he forms miiil multiply to infinity, and their boundlefs num¬ 
bers will (bon bury the primitive cube in oblivion. 

It muft not be fuppofed that nature has furnifhed us with (his 
infinite feries of forms; indeed Mr. Dc L’lile in hfs tables haR 
only mentioned tliofe he had obferved, with fume few addi¬ 
tional ruppofitioiis figures, of which fcveral have been fince 
difeovered to exift. 

Account of This ingenious naturalifi has given us, as I have already 

foven cryftallographical tables. In the Ifl he deferibes 

the tetrahedron and its.inodifications; in the 2d the cube; in 

the 3d the reClangular oClahedron; in the 4lli the rhomboidal 

parallelipipedon; in the.5th the rhomboidal ofiahedroii; in the 

6'th the dodecahedron, with triangular faces, and to each are 

fubjoined (heir refpeCtive modifications. The objeCl of the 

7lh tabic is to point out certain modifications of the oClahe- 

dron and parallelipipedon, whether reCiangularor rhoraBoi^ab 

Plates accompany each table, where the figures are drawn, 

and in the obfervations and notes on them are to be found the 

ineafures of the principal angles. c 

They contiin Tiiefe cryftallographical tables exhibit only general repre- 

gcnerai foiids; fenlations of folids, which Mr. de L’lfle in the couffe of his 
which are tub* 

feqiientiy .'ipplird work applies to the different cryftals which bad already been 
torhccryftjis difcovercd, and fallen within hUobfervattoh. His work con- 
fultstftonlsy and Bfts of three parts. In the firft he treats of faline cryftals; in 
metals^ the fecond of floney (pierreux) cryftals, and in the third of 

metallic cryftals. Thofe of the firft clafs are artificial, thofe 
of the two latter claffesare natural cryftals, and are fubdivid^d 
into genera, fpecies, and varieties. 


When 
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\^hen treating of a fpecies or of a variety^ he refers his Hw methorf 
reader to the table where the figure of that fpecies or variety 
is to be found, and he then enumerates every thing relating to 
minerals atTuming that cryflalllnc form: But 1 cannot termi* 
nate this fkelch better than by the following extra^ from the 
Abbe Hauy’s treatife on mineralogy. 

In fliort Kom^ de L'lfle reduced the iludy of cryflallogra- Quotation 
phy to principles more exafl and more confiflent with ^bfer-^ 
ration. He ciafTed together, as much as he was able, crydals De Title's 
of the fame nature. From among the different forms belong- 
iug to each (pecies, he feledled one which appeared to him to 
be the mod proper, on account of its fimplicity, for the primi¬ 
tive form, and then fuppofing it to be truncated in different 
manners, he deduced the other forms, and eHabliflicd a cer¬ 
tain gradation or feries of paffages from the primitive form to 
that of polyedrons which would fcarcely appear to have any 
cennedion tvilh it. To the deferiptions and figures which he 
gave of the cryfialline forms, he added the mechanical mea- 
furenicnl of the principal angles, and he (hcv^’cd (a moil efTen- 
tial point) that tliefe angles vfere conftantly the fame in each 
variety. In a word, his cryftallography is the fruit of immenfe 
labour by its extent; almofl entirely new in its objc6l, and of 
great value for its utility/^ (Vol I. page 17.) 

The Abbe Hauy in his treatife on mineralogy embraces a The mincralug) 

far greater extent than Mr. de L'lfle, His mineralogy is not 

only deferiptive, but it is phyflcal, chymical and geometrical. tive,butph)fi. 

In the perfuafion that a mineral cannot be well deferibed, nor chemical 

. f . j I r 1 r 1 I • 1 andgcometiinl. 

even in many cates recognized, unleis its phylical, chemical, 

and geometrical chara^ers are clearly la;d dgwii, the Abb^ 
never omits any one of thofe chara£l^rs wlien afeertained, and 
expofes with the moil fcrupulous exa^tnefs every thirty relating 
to thqion that obfervation has authenticated. He has bellowed Ele^ricity. 
particular attention to the ele£lrical and magnetic phenomena, MagncUfm. 
and has enjiched the fcience with a multitude of new and cu¬ 
rious obfervations. He attentively examined the property of Double refrac 
double refraflion, which feveral tranfparent minerals enjoy; 
and here again he has extended the boundaries of fcience. A 
few minerals were known to poOefs this property, and the 
Abbd has difeovered it in feveral where it had never been 
turmifed. 

When we confider that writers on mineralogy have hitherto Hauy ha« en- 

grounded their fyftems txdufivcly, fome on the exterior cha- thc^hsbitudes^^ 

rafters, * 
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•r propcrtiM of raflcrs, othen on the chemic al properties of minerals, and that 
minerals. Abb^ really has, purfuant to his plan, (foe in the begin¬ 

ning of the volume of plates. La difiribution mtthodique des 
tnineraux^ par clajfes, erdres^ Genres et ejpeces, the methodical 
diflribution of minerals intocIaHes, orders, genera, and fpecies) 
united all that has hitherto been difeovered on mineralogy, 
without falling into lliat confufion which has ever been im¬ 
puted to other mineralogical writers, we are almoft aftoniflied 
at his fuccefs, To clafs minerals, to furnifli the means of 
difeovering to which clafs, genus, and fpecies a mineral under 
examination belongs” are the two great problems which the 
Abbe Hauy propofes for folution. 

He folves the firft in following Bergman’s method (founded 
on chemical properties) much improved by the immenfe pro- 
cxtcrn:tl chafrAc-grcfs which chemical analyiis has made fince the days of that 

great chemift. In the folution of the fecond he follows Wer¬ 
ner's method (grounded on exterior chara£lers) but corroborated 
by 3 multitude of new experiments, eafily made and brought 
to a furprizing degree of correflnefs by the Abbey's own la¬ 
bours on the forms of cryftaN. But I perceive that the im- 
menfity of matter contained in this treatife is leading me from 
that point which I had particularly in view, I mean cryflal- 
lography. 

ItaHy^deftrip- In the dcfcription of cryflals the Abbe employs three diP- 
{jonof ciyftais, ferent mearK. ifl lie draws their figure; he does not give 

1. by delinea- , . • . . ,, t v .r/i i » i i 

tioft. cryltajlograplucal tables as Rome cle L Ifle, which are only 

general properties, but draws feparately each fpecies and va¬ 
riety. Every form given in the plates has been examined by 
himfeJf; he har* calculated every angle, and nevcrthelefiyhis 
plates contain one third more figures than De Ulfles tables, 
s. By r>mboi;c 2d He makcs ufc of fymbolic ligns, than which nothing can be 
figr.s dciignatmg Ample, and were invented not to recall the form the 
produAion. cryual to the mind, hut the laws by which it has been produced. 

Yet I have met with perfons, who were foaccullomed to thefe 
ligns, that at firll fight of them they could immediately figure 
to themfelves the form of the correfponding cryflals. Thefe 
ligns can alfo be fpoken, and much circumlocution in confe- 
qucncc avoided. 3d A fignificant nomenclature fubdivided 
into general and particular. The genera! is for the minerah, 
and comprifes only fubrtantives; the particular for the cs'^als, 
and is entirely compofed of adjedVives, He fludioufly avoided 

4 introducing 
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introducing new names, and neverthelefs has been obliged to 
introduce many, where new fubRaiices, names capable of 
giving talfe impretfions, or others void of fignification and un- 
l’up{>orted by long ufage, required it. Hethenfubfiitutcd names 
taken from the Greek; a language, he fays, that eminently 
enjoys the faculty of combining feveral words together, fo as 
to form one rcprefenting concifely the obJe£l to be named,— 

The adjectives ufed in the nomenclature of the cryftals alfo al¬ 
lude to fome remarkable circumttance of the cryflalline form, 

I fliall now proceed to philofophical cryflallography, which Philofophicai 
might be called the philofophy of mineralogy. It does not ^*'^'*^**’*’®^“P*^y* 
confid in fearching for the primary caufes of phenomena, no¬ 
thing can be lefs philofophical than fuch a refearch; primary 
caufes will ever be beyond the reach of (he human mind! 

The immortal Newton was the hrd to point out to us by the 
method followed in his admirable book of the Principia, that 
the onlv tnie^philofophical way of treating a phyheal fcicnce, 
or of explaining a natural faCt, was to demonflrate that it was Thp true method 

the mathemalica! confequence of a general law, grounded ®»p*a*nmgi 

,, r\ 1 i ir 1 .1 phyrics IS to flicw 

on an aggregate ot facts ulneady oblerved and capable that the ans 

of correct calculation. If any one of thefe conditions are 
wanting, we immediately launch out into hypothefis, e^^pla-pencil Uw, 
nations become vague, and however much we maybe per. Hypothelis. 
fuaded of the truth of our aflertions, we can acquire no cer¬ 
tainty. 

Let us apply tliefe principles to our two writers. De L*Ifle, The method of 
in declaring that the various forms obferved in cryftals of the ^ewnto le*de- 
fame fubfiance are only modifications of one conflant primitive ficient in coi- 
form, ceytainly announced a mofl important truth. It was 
flafh ef genius; but in a philofophical enquiry, to prove it and 
not limply to fay it, was (he neceflary ftep. On the*firll 
fpeCiion of his crydallographical tables, a ftudent is tempted 
to thinlf that important truth demonfirated; but on a clofer 
amination, the impreffion is done away. The fame order per¬ 
vades every labte. By flight palTages the fludeni is led from 
the Ampler to the mqfe compound forms, and after every paf- 
fage, 19 tempted to fay; this can only be a modification of the 
primitive; then when the real cryflals, and the figures of the 
tables are compared together, and all thofe of the fame fpecies 
(with a very few exceptions) are found in the fame table, 
how eafy it is to perfuade ourfelves that nature muft operate by 

fimilar 
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iimilar palTage!! when producing the various forms of cryPalsj 
and the primitive of the table before us mufi be the primitive uf 
the cryiial under examination. In a word it is the moil fiixiple 
form; and firil impreifions greatly (irengthen the illufion. If 
perfuafion was the foie objefl of philofophy, De LTfle w'ould 
have been a powerful philofopher; but philofophy muil con« 
vince» demonfirate^ and wreft confent, however violently op- 
pofed. An enemy mail not therefore be able to make ufe of 
the fame arms, or adduce the fame proofs to eflablifli a con¬ 
trary opinion. Neverthclefs fuch would be cafe with Mr. 
De L’lile’s tables and the application of (hem: For it is an in- 
gonleltablc fa6l, that by a feries of arbitrary troncations we 
may pafs infenfibly from anygiyen form to any other. Grounded 
on this principle, and feconded by Mr. de L’lfle’s ingenuity, 
any form may become primitive, and any other deduced from 
it. Now as the combinations are infinite, a multitude of tables 
may be conftrudied, forms of the fame fpecies may be dif- 
perfed in (lilTerent fables: the mod fimplc of each table will 
be tlic primitive, therefore forms of the fame fpecies will have 
difFurent primitives. But whfn by the fame principle botli 
tides of the queflion can be proved, nothing is proved. 

To fay the mod fimple form mull be the primitive is un il- 
lufion, for wc know not what is the mod fimple for nature. 
With our feeble organs and confined fenfes we can form no 
judgment of fimplt, when the operations of nature are in 
quedion. Nature embraces the entire univerfe, her laws are 
fimple; but the combinations made according to thofe laws 
are unbounded, therefore complicated. 

Let us not forget, however, that the idea of troncations, 
and the idea of taking the mod fimple form for the primitive, 
are fo natural that they mud have been the fird to prefent 
themfclves to the man who was opening the carreer: Often, 
fays (he Abbe Hauyi (vol. I. page 14) a more compoufid form 
only differs from a more (impic one by certain little faces which 
may be produced by feflions, either at the folid angles, or on 
the edges of the fimpler form/* and in a note he fays, this 
was the obfervation which gave the celebrated RomddeL’lfle 
the idea of his fyflem of troncations, that he might fuccef* 
lively deduce from each other the different varieties of crydaU 
line forms affumed by the fame fubdance/* 


Mr* 
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Mr* De L'lfle terminales the inlrodudtion to his work by be rifle’s pro¬ 
certain aKiomSf as he ilyles them^ the 2d and 16th are as fol- wtom* 
love; 

II. Every angular polyhedron^ or every cryflallized fub- 
Hatice is a salt in the roofl extended acceptation of that 
term.” 

XVI. Every faline fubftance whofe conAituent parts are 
perfedly faturated and combined affedts the cubic form, or its 
tnverfe the oda/tedronf whereas the falts which are not neuter, 
or whole conllitaent parts are not exactly combined, affed 
either the priflnatic or the rhomhoidal forms.” 

I need (carcely obferve that, to treat thefe axioms only as 
doubtful, would be treating them kindly. The other axioms 
are matters of fa£t> from which he draws no confeqiience, and 
indeed it would have been difficult for him to have drawn any. 

The Abbe Hauy does not undertake to prove generally, that iiauy’sexhiln- 
among the different cryffalline forms of the fame (ubffance, one 
of them is"thc primitive^ but he produces that primitive form crlftais, ^*^**'* 
from each cryHal, which is always Hmilar in fimilar fubftances. 

He demonffrates It analytically and fynthetically; by an ana* by analyfu «iiJ 
lyfis which might be called nilneralogical analjififi, and pointed ^athcriii. 
out by nature herfelf; By a fynthetis hitherto the property of 
mathematicians, but here fupported by Ike general laws which 
ills analyfis has revealed to him. The conffant accord found 
between this fynthetis, and daily obfervation is a proof of the 
exadlnefs of his method. 

Two fa£ts were the foundation of his theory; 1. In all times Fundamental 
jewellers and lapidaries have remarked that Hones are more 
ealily cut in Tome certain directions than in others. 2. Who- u riZi 
ever has been in the habit of feeing natural c^ftals muft have reian^nsni’i); 
obTerved, that when their ft.rms are well'determined, they are nght- 

always terminated by plane furfaces. Thus, fays 4bc Abb^, lined or p'ane. 

" thgfe foft outlines, and that roundnefs fu frequent in the ani¬ 
mal and the vegetable kingdom, where they are inherent to 
the organization, and contribute even to the elegance of the 
forms, indicsfle on the contrary In minerals a w'ant of per- 
fe£lion. The chi^raderiiltc of true beauty in minerals is ihc 
firait line, and it was with truth that Rom6 de L'lHe declared 
that line to be the peculiar property of the mineral kingdom.” 

The firff fa£l fuggeffed the mineralogical analyfis, and the fe- 
*cond furnifhed him with the laws on which he grounded lus 
fynthefis. 

VoL. IX.— September, 1804(. D Enquirm 
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EnquirieB on thefirfi 

On the anaiyfis 1. All crySals that can be fplit by means of indrumenlSi of- 
of cry ftals** into view, if fplit in certain direflionsj plane and fmooth 

regularly foimed furfaccs. If divided in other direfiions, the fraflure is rugged. 

I ufe the word Jpltt, and not Jhwcd or cut, as the fedtions of the 
cryflal are not to be obtained by (low and continued efforts, but 
by fadden fliocks. Patience, dexterity, and habit enabled the 
Abb^ to fplit a great number of cryffals; in all he difcovered 
plane fmooth furfaces when fplit in certain diredlions, but when 
in other diredlions, the fradurc was always rugged and irregi^n 
lar. I rcqucff. Sir, your attention to this important fad, it is 
fundamental, and the more important, as feveral perfons of 
much general information have negleded to attend to it, and. 
It ISex/ftrimenta!, in confequence, have fuppofed the whole of this theory to be 
troncat^oM^of grounded on hypolhefis. It would be equally erroneous to 
De I’lUe we:c confound thefe fedions of cryftals with De L'lfle's troncations. 
IjputbertcaU latter indeed warns his readers, that by the word trouea^ 

tions he wiflies only to figure the appearance of the cryftal ex¬ 
amined. They are not therefore real, but only a means of 
warping the imagination to the exterior form of the cryflal, and 
are by their nature only deferiptive. The Abb6 Hauy*s fec- 
tions are real, and are pointed out to the obferver by the inte¬ 
rior flrudure of the cryftals; they are experimental. 

The inclinations 2. The plane fmoolh furfaces obtained by the above method 

are refpedively parallel to J, 4- or G planes, I'lie mutual in¬ 
clination of thefe planes to each other arc conflaiU in cryfials 
of the fame fubfiance, vviialcver may be (he exterior form of 
tlie cryflal. Native antimony, phofphate of lead, and quartz 
feem to fliew an appearance of more tlian fix planes, and the 
Abb6 Hauy Icaiv; to.the opinion of only five planes in Tome 
cafes; but as thefe are exceptions to the general rule, and 
would only*tend to complicate this flatement, 1 fliall take no 
further notice of them, « 

Let us fuppofe the fmooth furfaces to be only parallel to three 
planes, or in other words, that the i\ibflance will oqjy fplit in 
three diredions, in that cafe the fedions can only produce a 
sneiliodof Hauy. parallelipipcdon, wbofe nature is detennined by the mutual in* 

clination of the planes to each other. If the planes are per¬ 
pendicular, it will be redangular, &c. 

We next fuppofe the fmooth furfaces to be parallel to four 
planes. Herp adiftindion arifes, whether tlircc of thefe planes 

4 have 
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a common intorfedtion or not; and it mutl be remetn* Expkoitiaii of 
bored that if the four planes have a common interfedion, nofpr;;f.a&nof"^ 
folid can be produced, as they can neither bound nor indude cryiuis by the 
a fpace. If therefore three of the four planes have a common 
intcrtcdlion, the fplittin^s will produce either one hexahedral 
priTm, or three parallehpipcdons, which will be fimilur or dif* 


fimilar, according to the fimilarity or difliinilarit^r of inclina¬ 
tion of the plines, or one triangular prifm. On the contrary, 
if the four planes only intcifedl each other two and two, there 
will he produced eitlier one odaiiedron, or four parallelipipc- 
dims, or one tetrahedron. 

Ladiy, let us fuppolc the fmooth furfaces to be parallel to 
fix planes; ifien there arile an immenfe number of cafes,— 
But we will for the prefent confine ourfcives to the only cafe 
*that has hitherto been obferved in nature: Where the inter- 
fedtion pf the planes is two and two, then we obtain either, 
1. dodecahedron with pentagonal, quadrilateral or triangular 
fides, according to the fedliuns made, or fifteen odlahedronst 
or twenty parallelipipeduns, or fifteen tetrahedrons. It may 
be proper to ubferve here tl^t though the fedlions parallel to 
the fix planes may be clearly indicated, neverthelefs it rarely 
happens they can all be executed, but it will fuffice fur the 
purpofes of geometry that they be clearly indicated to render 
the conrequenccs drawn from them mathematically corredt. 

Having laid down Ihefe premifes, let us proceed to thedif- 
fedlion of a cryfialof carbonate of lime (ihu fpaUi calcaire of 
De L’lfle) whofe primitive form is a rhomboid oi a paiailelipi- 
pedon bounded by rhombs. Hitherto fedlions have only been 
obtained in the three direclions parallel to its fides. If thefe 
fedtions be diredled fo as to always pa(sHhrmigh liie center of 
two oppufitc tides, they will produce eigi.t rhomjl>oids equal 
to each other, and fimilar to the original one. The lame 
opefation may be repeated on each of thefe eight rhomboids, and 
continued fu long as the fubfiance remains carbonate of lime, 
that is to i^y, lobe a combination of 56 paits of lime, 34 
of carbonic acid, and II parts of water of cryflallizaiion:— 
(fee Bergman.) But this divifion of the cryltaU into fimilar 
folids has a term, beyond which we fliould come to the fmalleft 
particles of the body, which could nut be divided without 
, chemical decompofilioii; that is to fay, without an alteration 
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iKplwition of in the proportions of lime, carbonic acid, and water. Thffe 

laft particles which arc ftill rhomboids, are what the Abb6 
cryftais by the Hauy Calls the integrant particles of the carbonate of lime. In 
method of Hauy, f\ippofition therefore that a rhomboid of this fubfiance can 

only be divided in throe directions, by feClions parallel to the 
tides, it is evident that the integrant particles muA be iimilar 
rhomboids. 

If a cryflal can be divided by feCiions in more directions 
than three, what will be the form of the integrant particles ? 
For example, in the phofphale of lime (the chryfolitc of De 
L’lfle) where the feCtions are parallel to four planes, three of 
which have a common inlerfeCtion. According to what lias 
been faid above, ihefe feClions can produce either one bexahe- 
dral prifm, or three parallelipipedons, or one triangular prifm. 
Il is evident that by carrying the divifion, according to thofe 
leclions, to its greatell length, either the lafl hexahedral prifm, 
or the lad three parallelipipedons, or the lali triangular prifm, 
vv'ill be produced. Arc thefe lafl folids the integrant parti<- 
cles; are each of them fu; or is there only one of them en- 
titled to that denomination and^ if only one, which of them i 
Afy anfvver is, only one of them ; and that one, the triangular 
prifm, which may be proved thus. 

It cannot be denied that the Integrant particle is that little 
fohd which contains the leaft poflible quantity of the body, 
without affecting the chemical compoiiLion of the fubflancc- 
This granted, let us fiippufe the hexahedral prifin to be tlie in¬ 
tegrant particle. In that fuppofition the laff triangular prifm 
muff contain the lad hexahedral prifm, and is equal to the 
laiter more three little triangular prifins, or in other words to 
nine fimilar Iriangulsr^piifms, while the hexahedral prifoi o^Iy 
contains llx. Hut the lad triangular prifm and the lad hexa^ 
hcdral prifm each contain an cxuCl proportion, and therefore 
a dmilar proportion of chemical component parts; then (ore 
their diiforonce alfo contain an exaCI proportion ; but it is im- 
poflible to conceive how'their differences can contaui the ex- 
aCl proportion, unicfs each of the three little triangular prifms 
alio contain it, they mud therefore contain it, and each ol‘ 
ih-in mud be an integrant particle; therefore the hexahedral 
piilin cannot he one ; neither can the parallelipipedons be in- 
tcgraiU particles, as the fame arguments will dand goodagamd 
tliem which have been applied to the hexahedral prifm; there¬ 
fore 
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rose the triangular prifni niuft be the integrant particle :* Expljnstion of 

_ ^ .. - ogurei and 

” The forms of the integrant particles, fays the Abb^ (vol. I. formationof 

page SO) may be reduced to three, the tetrahedron or the moll by the 

limpleof pyramids, the triangular prifm or the mod fimple 

prifmc, and the paralleiipipedon or the mod dmple of folid*:, 

having parallel tides two and two, and as four fides are ne- 

ccdary to circuinfcribe a fpacei it is evident that the above 

three forms in which the number of lides are fuccelfively four, 

five and fix, are again in this point of view the mod fimple 

poHible,” 

The phofphate of lime or chryfolitc is a fubdance that lias 
given rife to much curious anecdote. It (liews in what a date 
Abbe Hauy found the mineralugical nomenclature, and points 
out the accuracy of his analytical method. Achard, achemid 
at Berlin had analyfed the cbryfolite, and publiflied that it con¬ 
tained, of filex 15 parts, alumina 64, lime 17, and of iron 
one. Thi^ HartTed (he celebrated Vauquelin, who had feen 
Klaproth’s analylis of the chryfolite (the apatite of Werner) 
containing of lime 55 parts, and of phofphoric acid 4-5, (pro¬ 
bably the water of cryflalliz^ion is added to the acid.) A 
Frenchman <»f the name of Launoy fent a quantity of Ihisfub- 
dunce to Paris, foine of it was purchafed by the Ecolc ties 
and Vauquelin was delired to analyfe it. The latter 
Toon fufpeded Achard had been milled by the name, and had 
not obtained the proper fubdance, a niidake the more eaGly 
made as, fays Vauquelin, 'Mhc name of chryfolite was given 
to a great variety of dones, fuch as theperidf^/, IhccArj^^mV, 
the olivine, (fince found to be the fame as the peridotj, and in 
general to ftones having ?l yellow colour,'^ 

tie fooii difeovered the chryfolite fenUffom*Spain contained 
lime and phofphoric acid. " I had no fooner ma^e this dif- 
covery, fays he, than I enquired of Abb6 Hauy whether he 
liad ^compared the integrant particles of the chryfolite with 
^liofe of the apatite or crydallized phofphate of lime. He an- 
fwered me Ibat he had not made the comparifun, but that he 
would gel his papers on primitive forms, (this was four years 
before the publication of his work) fee what notes he had 

^ Therefore the fe£lions producing the hexahedral prifin cannot 
^iead to the integrant particle: therefore all feflions, though per¬ 
fectly prafticable in crydals, will not lead to the Integrant particle. 

roadQ. 
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Zxpitnatlottof made on each of tbofe fubilances, and immedialcly comparp 

^ciaureiM^ them together; when with pleafure he found that there wa& 
tonnation of ii/i .. • tii^n^ 

cryft 4 l 6 bythe ^he lealt varialioB between tbenn. Thus had the Abbe 

method of Hauy* Hauy difeovered by the help of geometry alonOj that which was 

confirmed by chemical analyfis, and this fatisfadory accord 
between two (cienccs apparently fo difiant from each other* 
while fecuring each others fieps, ferves alfo to iliew the cer¬ 
tainty of the principles on which they are grounded/' 

Journal des Mines, xxxvii. page 21 • 

A more lingular anecdote is what took place with refpedl to 
the emerald and the beril. Vauquelin had analyfod the 
emerald of Prerou* and read the refult of it* at a fitting of 
the Ecolt des Mines, which is preferved in the Journal, No. 
XXXVIII. page 96: viz. of filex 64, of alumina 29, oxide 
pf chroma 3, of lime one, and of volatile fubflance 2; I 
have neglc3cd decimals. Soon after he difeovered a new 
earth, which he called the Glucine. and gives the following 
account of it to the National Inflitute: ‘‘The Abbe Hauy 
having obferved a perfefl conformity between the llruflure, 
the hardnefs, and the weight of the beril and the emerald, 
prefiTed me a few months back to make an analyfis of thefe 
two fubfianccs, to know whether they contained the fame 
principles, and in fimilar proportions. In the refult, the fad): 
that will mod intered the Inditute is the difeovery of a new 
earth, &c. &c." Annales de Chimie, vol. XXVI. p. 157. 

I am cerlainj Sir, tliat it will give yon no lefs pleafure to 
learn that Vauquelin, in confequence of this difeovery, made 
an addition to thepuj)er read at the Ecoles des Mines, beginning 
thus, '* Since the reading of the above paper, having dif¬ 
eovered a new earth in the beril, and as tins done, according 
to the obfervations made by Hauy, contained fubdances liuu« 
lar to the emerald, I have in that point of view made a new 
analyfis of this latter done/' And the former analyfis) was 
immediately corrected, and the 29 parts of alumina became 
] 6 paits of alumina and IS of a new earth, 1 hope. Sir, it is not 
too much to fay that, on this occafiun a new earth was dif¬ 
eovered, if not by, at lead in confequence of, a geometrical 
analyfis. 

But to return to our rubje£l, the Abb^ makes a didinflion 
between the integrant particle and the prmitive form. The 
former, as 1 have (aid, is that lad particle, which preferving 
an emd proportion of the component parts, contains the leaft 

number 
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ntq^iher of ihofe parts ; St is the laft term of mineralogical Explanation of 
analyiis. The primitive on tlie contrary, is its firft re- fofniatK>ro”** 
fult, and retaining the exaA proportion of the component cr} Hals by the 
parts, contains the greaieft number o{ thofe parts. It is eaiy "“tthud of Hauy, 
to fee that in the cafe above mentioned of the phofpliate of 
lime, the hexahedral prifm will be the primitive i'onn, pre- 
cifely for the rcafons adduced to (liew that it is not the in¬ 
tegrant particle. Though the Abb^ does not decidedly de¬ 
fine the integrant particle as containing the minimum of fpacc 
under the maximum of furface, and the primitive form as con¬ 
taining the inaximum of fpace under the mitumum of furfaco,* 
neverthelefs he makes a remark that aulhorifes the above de- 
finittons (which. Sir, you will obferve arc mine, lell any fault 
be found with them,) He fays tiie dodecahedron with rlioni- 
boidal tides, which is the primitive form of the garnet (grenal) 
contains the minimum of fpace under the minimum of furface ; 
and if it be cut into two equal and timilar parts, it will prefent 
the fame Tbrm as the bottom of the cell of the honey-comb, 
which has the iimilar property. 

An objeAion might be takqji on the citivrep^riieitx^ and the 
cuivre griSi or the yellow and grey copper ore of Kirwan, the 
Abb^ mentioning the regular tetrahedron as their primitive 
form, and not the octahedron as in other cafes. The reafon 
may be, that all the cryflalline forms of (heir fubHances which 
be deferibes are flighi modifications of the regular tetrahedron. 

“ The primitive forms hitherto obferved, fays the Ahh6 
Hauy, are reduced to fix.—The parallelipipedon, the oCta- 
bedron, the tetraliedron, the regular hexahedral pnfm, the 
dodecahedron bounded by rhombs all equal and fiinilar, and 
the dodecahedron with triangular iides,. fornft:d by two right 
pyramids united bafe to bafe.'^ ^ 

Healfo makes a difiinftion between integrant particles and 
fubjifa^ive particks; thefe latter are always parallclipipedons, 
i (hall fpeedily mention whence they derive their name. They 
are fubfiiUited for the integrant particles, to facilitate calcula¬ 
tions, and it is worthy of obfervation that the parallelipipedon 
can always be oblEuned in all dilTedlions of oryfials. Thus far. 

Sir, I have fiated the firfl principles of mineralogical analyfis; 

1 ftiaU now proceed to the fynthefis. 

» (To be continued^) 

* The inclination of the inteifeiting planes being the fame, 

Dtfeription , 
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riLTERZKO MAOHlKt. 


Filtering ma¬ 
chine by fand in 
a rcverfed tube* 


VIII. 

Dejtription qf a FiUering Machine invented iy Profejpir Parroi 
cif Paris ^ In a Letter from a Corre/pondent, 

To Mr. NICHOLSON. 

SIR, 

I ENCLOSE you a drawing of a filtering machine invonlecl 
by ProfeflTor Parrot, 6? Paris, which for fimplicity and uti¬ 
lity feems fuperior to any other 1 have met with. You will 
perceive that from the curvature of its form, it purifies the 
water both by defeentand afeent, and is, confcquenily, a clofer 
imitation of the operations of nature than Ihofc inwiucliilie 
water penetrates in but one diredlion. Among the. advantages 
which he aferibes to it, he inftances the “ prolongation of the 
ftratum of fand, which dues not confiderahly diniinifh the pro- 
dui5t of the filtre, but contributes remarkably to the purity of 
the fluic]/* and that the difference of its water-level has an 
fcfTcntial inlluence on the quantjty of purified water obtained 
in a given time;’' he therefore recommends an apparatus of 
eighteen inches Jong from A to D, two inches thick, and four 
broad, which, he fays, will yield fix (Paris} pints of pure 
water every hour: a machine of this fize requires only a dif-. 
fcrence of two or three inches in the height of tiie water. 

I am. Sir, 

Your conflanl reader, 

lAmdon, AugufiQO, ISQ^. A. A. 

a Defeription of the Machine^ 

The refervoirG. (Fig, 1, Plate IV.) may be of any form or 
dimenfion which is convenient; the principal part of the ma¬ 
chinery conAdingof a fquare veffel bent in the form of in¬ 
verted fyphon. The cuf'^c may be circular, elliptic, or in any 
other diredion. This veffel is to be filled with fine pure fand 
fo nearly the height of the dotted line which denotes the 
afeent of the water to D, whence it flows into the receiver. 
To the part marked A B, which mud always be above this 
line, a woollen bag is attached, open at the top and reaching 
to the fand: this collects the coarfed impurities, and prevents, 
tUe fand from becoming foul for a longer time. In large ma¬ 
chines 
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diiffies a water-tight trap-door may be made at F, for the pur- 
pofe of removing the fand when it is overcharged with impu¬ 
rities. The fmail diameter of the machine from which the 
drawing was taken, was eight inches from B to K: the per¬ 
pendicular height from C to A B was eight indies and three- 
lburths> and from C to D four inches and one-lwelfth. 



Medico^Chtmical licftarches on the Virtues and PyincifiUs of 

Cantharides, H. Be a u p u i l , 

(Concluded from Page 71 of Vol. Vlll.) 

H^E alfo proved that the black precipitate eafily became dry, Expenmentiand 

brittle, anc^fnable in the air ; that it reddened the tincture of 

turnfole; that it combined very readily with polaQry difen- 

gaging ammonia; that, when diflillecl l)y an open fire, it 

fwelled and yielded an acid li(|uor, a thick oily and carbonate 

of ammonia; and that it left a dry, fliining, friable coal in the 

retort. 

Proceeding afterwards to the examination of the yellow mat¬ 
ter remaining in folution in the alcohol, Cit. Beaupoil informs 
us, that, when it is concentrated by the evaporation of its 
folvent, it retains (he fame odour and the fame tafle as the 
extract; that it is completely diflblved in water, and reddens 
the tindlurc of turnfole ; that it combines entirely w'ilh potafh, 
without any difengagernent of ammonia; and that the refultof 
tbii^combination is an homogeneous and gJutinAis body, foluble 
in water and prccipitable by a weak acid; finally,, tiiat, dif- 
tilled by an open fire, it fw'plls very little, yields an acid liquor, 
ablaCk'and fetid oil, and carbonate of ammonia; but that, in 
general, all thefe products are in (mailer quantity than in thofe 
obtained fr«m«the black precipitate. 

Among thefe different refults (he author thought it neceffary 
(o diredt his attention more particularly to the acid, w hich, as 
has been feeny manifefls itfelf fo readily in the infufion of can- 
tharides, or in the extradl which they afford. 

• At firft he was of opinion that this acid was analogous to that 
of vinegar; he alfo thought that its exigence might be attri¬ 
buted 
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experiments tnd bated to Ibe caftom prevalent with lliofe who collect the oan* 
ewthari^r**” tharides, ofexpofing them to the vapoar of this acid; but when 

he found* on fubjeding fome of thefe infeds which had been 
procured without the afliflance of vinegar to experiment* that 
they were fimilar to thofe of conamerce* he was obliged to re-^ 
nounce his firft idea* and to endeavour to afeertain the nature 
of the acid they ofiered him* by experiment, it appears that 
bis endeavours have* in this inftance* been unfuccersfiil; for 
he finithes by inferring that his progrefs is not fuificiently ad* 
vanced to determine with certainty; and that, although the 
acid in quelHon has fome analogy with the phofphoric* he* ne- 
vertbelefs* does not think that it ponfeiTes all its properties* and* 
confequenllyi is of opinion it Aiould be coniidered as a peculiar 
fpecies* until new experiments have (hewn that to which it 
in reality belongs. 

The third produft of cantliarides* called by Thouvenel and 
by Cit. Beaupoil* green matter* does not Teem to experience 
any change from tlie air* at lead in its pbyfical properties. It 
is infoluble in cold water; it liquefies in warm water* floating 
on its furface like an oil; alcohol and ether diflblve it* and its 
folution in thefe Iw'O menflrua isdecompofed by water. Oxi* 
genated muriatic acid brought into contad with this matter* 
and renewed from time to time* at firfl feems not to have any 
aftion on it* but at length fmall whitifh* brilliant particles arc 
detached from il* which fall to the bottom of the vefTd; in 
lefs than a week it lofes its fmell and its colour* and becomes 
thick and glutinous; and notwithflanding repeated walkings* it 
conflanlly retains the odour of the oxigenated muriatic acid. 

Diluted nitric acid* aliilled by heat* gives it a ruddy colour* 
a rancid* pen^iralihg odour* and alfo a confidcrable conflf- 
lence. 

Caullic foda combines with it without the aid of heat* and 
without a difengageroent of ammonia. The produft 6f Hiis 
union is decompofed by the acids. 

Expofed to an elevated heat it fiifea* and fbrms^ a'liquid of an 
oily appearance and (lightly tiairfparent* which* by cooling* 
quickly refumes the folid (fate. By a more powerful heat it is 
decompofed* its colour changes* a jeliowifii oil* very analo¬ 
gous to that obtained from the diftillation of wax* and an acid 
phlegm* pafs into the receivers* but not an atom of carbmato 
of ammonia. 


With 
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With refpefl (o the parenchyma forming the refidue of ibeE*pw'"J«nta»»B 
different macerations, infufions, and dcco£liotis in water, 
cohol, and ether, the author, after having afcerlained that 
thefe fluids were incapable of extradting any thing more, 
treated it with cauffic potafh, which immediately caufed a 
difengagement of a very feniible animoniacal oriour. When 
this odour was diflipated, the liquor was filtered, and inffantly 
mixed with muriatic acid: the mixture became turbid, and 
gradually yielded a precipitate, which, dried and thrown on 
burning coals, exhaled an odour (imilar to that of animal maU 
ters in comhuflion. 

Diflilled in a retort, this parenchyma yielded plitegm, a 
denfe enipyrcumatic oil, and a confidcrablc quantity of car¬ 
bonate of ammonia. The refiduc of the difiillation was a 
fpecies of coal, from which a white afh was obtained by inci¬ 
neration in the open air, in which were found carbonate of 
lime, calcar(v>us phofphate, fulphate and muriate of lime, and, 
filially, oxide of iron. 

In recapitulating the quantities of each of the products ob¬ 
tained by means of the experiments which have been cited, 
the author afTerts that one ounce of cantharides, well dried, 
contains nearly 


Black matter 
Yellow matter 
Green matter 
Parenchyma 
Acid 

Calcareous phofphate 
Carbonate of lime - 
"Sulphate and muriate of li 
Oxide of iron 


1 gros 2 grains; 

1 — 2 
1 — 8 
4—36 

An indeterminate quantity; 
12 grains; 

2 

• 

% 

2 


Tocomplele the work which Cit. Bcaupoil had undertaken, 
it remained for him to determine the phyfiological properties 
of cantharidps^ as well as ihofe of tlie moft eflential of their 
immediate materials, and he appears to have executed this 
with fuccefs in lhe*fourlh part of his diflertation. Among 
other things, it refults from the different experiments which he 
. has made on this fuhjedl, 

1 Jl, That cantharides which have not undergone any pre¬ 
paration, almoft always produce difagreeable cffefls when 

taken 
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Xxperiments 
^bfervations < 
can.hariile^. 


[Itaken internally; but that thcfe with refpedl to ttieir 

iiitcnfity, are proportionate to the age, the ftrength, and the 
conftitution of (he animals, and to the dofe which has been 
adminiftered to them ; That the ojfophagus, the flomaeh, and 
the fmallcr iiUeflines, are the parts which aie principally al¬ 
leged: that thofe animals which are not overcome by it, ex¬ 
perience a defire to vomit, veiy coniiderable pains and vaii- 
oui> aH'eclions, which feem plainly to indicate that the parts 
which have been touched by the caiilharides, have a loit ot 
toiidency to be diforganized. 

2d, That the aqueous cxlra^ of caiilharIJcs, in fmallcr 
dofes than the infedls themfelves, produces ncuily the lame 
efiecls as they do; and alfo, tliat iU action on the urinary paf-* 
fages is very marked. 

Sd. That the black matter is much lefs u^ivc than the ex« 
tra6l; that the animals to whicli it has been given, are only 
afibc^cd by gripings and vomitings, and very rarvly are killed 
by it. 

4///. That the green matter given internally does not appear 
to licive deleterious rjualities, f.ncc all the animals to which 
even llrong dofes had been adiiiinifiered, did not leeni to be 
afJ'e^lcd iineafily |jy it. 

5th* That the \eHow matter doc;s not feem to be more ac¬ 
tive liian the green niaUef. 

6th, That (he extract, (he jellow matter, and the black 
mailer, applied feparulcly to tiu* lull.ice ol the body, occa- 
lioned velicalion in nearly (he fame fpaee of liiiic. 

Ilk, Tliat the green mailer, apjjhed extcinally, does not 
feem to a£l when ^lone; but that its action is Ipecflily ^nani- 
Icficd when it is divided by w’a>f, and by llial means receives 
the confidence of a cerate. 

I mud not omit to mention, that Cit. Heaupoil was not 
fatisfied with experiments made on animals, but had the cou¬ 
rage to repeat them on himlelf. Jt was fjoin liaving obtained 
the information he fought in this manner, lhal'hb confidered 
himfclf intitled to conclude, that the vcficating property rcfidcs 
particularly in the extradive par! and in llie green part of the 
tantharides, but that the extradive part alone a6ls on the 
ui inary and genital fyfiem. 

It will be obvious from the details T have given, that tho 
author has carried the examination of cantharidcs farther than 

Thouveneb 
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Tiiftuvcjnel. But although his work is greatly extcndeil, 
iievcrlhelefs is not yet complete, fince much remains to beconthirides. 
done, particularly with refpeft to the green matter; for it is 
cJillieuk to conceive how it flrjuld have no a6lion on the animal 
economy when adminiltered internally, fince, applied externally, 
it produces a veficating efie£t. This objeftion which I have 
miide to the author, the importance of which he acknow¬ 
ledges, will doubtlefs be one of the motives which will de- 
tcimine him to renew his experiments to remove doubts, and 
to fhew more clearly w'hat is to be expefted from the employ¬ 
ment of the different parts compofing an ingredient from 
which medicine has received fuch great benefits. 



I\rpcrimcntalJ.^t'fi'r:n‘tnations of the lAitcnt Heat of Spermaceti^ 

Been* IVar, Tin, BiftmUh, Lead, Zinc, and Suiphnr, Ih/ 

VVi 1.1-1A M 11: V r N E. Communicated ike Author. 

Bedford Street, Autr, ISOt. 

It will fcarcc'Iy be denied lIi:U the difeovery of llie cxiflence Dlfcovcn of U- 

' I 1* • r tent heat b\ Dr* 

of latent heat m all fluid and vaporous bodies, is one of theg|^^j^ 

moft curious and important hitherto developed in the progrefs 
of clicmical pliilofophy. The merit of firlf inveftigating Uiis 
fnhjea ii univerfally attributed to the celebrated Black. By 
a (ew fiinple and clear experiments he ciemonftraled, that, 
bi-lbre any portion of ice can become water, it mull receive 
or abforb as mucii beat as would liave railed tiK temperature 
of an equal quantity of water by 1 tO". By other experiments, 
in fome of which Dr. Black was affifted by my father and Mr. 

Watt,#t was proved in a manner equally I'atisfaflory, that 
water cannot be converted into (team unlefs it admit u quan¬ 
tity of heat (ufjeient to have healed the water 8 or 900^. 

Having proceeded fo far by experiment. Dr. Black made a 
general inference, and extended his theory to all cafes of fufion 
and vaporization whatever. 

The only other pliilofopher, as far as I know, who has Dr. Irvine's ex- 

attempted to determine the exaCi quantity of (he latent heat 

Olfier bodies befides W'ater^ was Dr. Irvine. Landriaiii madebodei b«* 

funic water. 
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fome experiments to prove that the fluidity of fulphur, 

and fome metalsi was accompanied with an abforption of latent 
beat; but I believe he made no attempts to afeertain the pre- 
rife quantity* In Dr. Black's leflures we are informed, that 
Spermaceti^ Dr. Irvine found the latent heat of fpermaceti to be 143®, of 

* 75 % tin 5 CO®*! ^ 173®, and of tin to be 500*^. From the very 

imperfedl notes which I poflefs of the methods ufed to deter¬ 
mine the two former, I believe that the 145® are mcafurod by 
the capacity of fluid fpermaceti, and the 175® by that of fluid 
wax: But of this fubje£i I will take another opportunity to 
treat more amply. I am perfe^lfy ignorant of every circum- 
iiance regarding the latent heat of tin as determined by my 
father, having been unable to find any notes of his experi¬ 
ments for determining this point. 

fzperiracnts During the courfc of the prefent year I have turned my at- 

tention a little to this fiibjeft, I mean to the invefligatton of 
the quantity of latent heat neceflary for the fufljDn of various 
bodies. I was perfuaded that an addition to our knowledge of 
latent heat would at lead increafe the flore of fa^ls, and might 
perhaps give rife to fome Impv^vement or correction of theory. 
The vcflcls. The vcflels which I employed in all my experiments w'ere 

Florence flafks, of which the neck was cut off. In thefe the 
water madeufe of was contained, and the veirel was fupported 
on a flight wooden (land, which prefented a very fmall furface 
to abflraCt heat from the materiaN. The orifice at the fuperior 
part of the veflef, was in general not more than fuflicient to 
permit the ready intioduClion of the fluid examined ; probably 
from an inch and a quarter in diameter to a little more, fo that 
a very fmall furface of the water was expofed to the air. The 
weight of thfe glkli was in all cafes previoufly afeertained. 
Thefe cjrcumflances being premifed, I proceeded as follows ; 
DftermiManon The firfl fubflance which I fubmitted to examination was 
c*" bilmu The melting point of this metal was, by die ther- 

{or ths numtwr mometer which I ufed, 480®. This is fo near the point found 
■ h father, to wit 476®, that I fliali confidvr kis delermina* 

an^quandty^oV 1*0*^ corrcCl, Es he Combined and compared the different 
biimuth would, ways of computation and obfervation, and I know the ther- 
in con- mometer which he ufed to have been made with confiderable 
^cUriun, rjifeancare. Into a glafs veflel which weighed 411 giains, I put. 

grains of water, of the temperature of 62®. I then re- 
hcn=jth the movcd from the Are a quantity of fluid bifmutlitf 1 waited liti 

ir I zing point of 
ihij 
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it lyas partially foHd, at which time I inferred that both ihe^^fh^uth, oniht 

folid and fluid metal were of the temperature of 476®, I next 

poured a portion of the fluid bifmuth into the water. In oneinto water, the 

minute the thermometer flood at 86®; in two minutes at 83| ***"* 

The true temperature at the moment of mixture was therefore being known; 

86|, fuppofln^ equal temperatures to be lofl in equal 

There was alfo a quantity of fleam formed. I weighed the taken. * 

vellM with its contents, and found that it had gained 1389 

grains. This therefore (hould be the quantity of bifmuth 

poured in, if there had been no lofs. But on drying and 

weighing the metal, it appeared to amount only to 1335 

grains, and SI' grains confbquently were loft. The bifmuth 

was cooled 389|®, the water was heated 24^®. Then 1335 

grains of water would have gained 34?. Thefe 34^, meafured 

by the fpeciiic heat of bifmuth, as ftaled in Thomfon^s Syftem 

of Chemiflry at .042, are equal to 810®.9: But the bifmuth, 

after becoming folid, lofl 389^.75, which being fubtracted 

from 810.9, fliere remains 42i®.15, which cannot be account-1 nfertnee of the 

ed for by the cooling of the folid bifmuth, and muft therefore 

be the whole or a part of the latent heat of the fufed metal. 

But the latent heat mufl be greater than this, for 411 grains Correftion, for 
of glafs were alfo heated 24®.25. If the capacity of this glafs » 

be taken at .174, as Kirwan found flint glafs to have, and I 
have found green bottle glafs to have a capacity of , 173 by 
feveral experiments, whence it is probable that the glafs of 
Florence flalks has its capacity not very wide of thefe num¬ 
bers; if then ,174 be taken as the capacity of this glafs, thefe 
21®,25, which the bifmuth communicated to the 411 grains 
of glafs in the veflel, are, when meafured by the capapity of 
bilmu^h, equal to 96^.4; And 1535 grains pfglofs would have 
gained 23®.4, which mufl be added to 421®.13 already found, 
and makes 446®.53 for the latent heat of bifmuth. 

But this is obviouily flill too little; for, as has been alread} anJ for /fram 
menlimied, there was a good deal of fleam "'formed, ^he 
amount of the^heat thus lofl is extremely difficult to affign. I 
fliall, however, make an attempt to guefs at, rather than dc- 
tcimine it. All the 34 grains mufl not be reckoned to have 
been lofl by evaporation. In fpite of all my efforts, I could 
perceive that, fome, though certainly a fmall quantity of bif* 
niuth went off with the water, in form of a nuntber of fmall 
parlicles floating in the liquid : and perhaps alfo k fmall por« 

lion 
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tion of water mighi be wafted daring the procefs. If we alio# 
a half of all the lofs to be accounted for in thefc way*, there 
remain ftxteen grains of water which have been converted 
info fteam. The latent heat of fteam was computedt by Mr, 
Watt, to be equal to 940® : But this fleam cannot be allowed 
fo much heat as lhi<; and though it may be difficult to point 
the quantity to be fairly granted, yet I ihallexpeQ to be with¬ 
in bound*! when I eflimale it at one half of 940°, or 470®. In 
this cafe we fay, Ifi grains of water have been healed 470®; 
flxteen grains of bifmuih would be heated by the fame quan-^ 
tily of caloric, II190®.4; and 1555 grains + 16 grains fup- 
pofed to have gone off with the water, ~ 1571 grains of bif- 
Latent heft of mulh, would be heated 115®.9. This quantity of heat, there-* 
hUhwth deduced ought lo be added to the 446®.55 already found, and 
‘ * would amount, in ail, lo 560.^5 latent heat of bifmuth. 

Other experi- I airt fenftblc that there are feveral gratuitous fuppoiitions in 
muth reafoning, and I do not therefore lay much 

ftrefs on it. I endeavoured to confirm or refutd the truth of 
the indudtion.s, by making an experiment exadtiy on the fame 
principles, but where, by dexterity, I might prevent the for-* 
malion of fteam w holly or in part. In one inftance 1 fuccceded 
tolerably well, and then the latent heat, with every correc¬ 
tion, amounted to nearly 600®. 

I repeated thefc experiments for determining the latent beat 
of bifiTuitl} many times, and the refult is exprefted in the 
following 

TABLE; 

Tabulated. 


No. of £x-^ 
pesiments. 

« 

lj|tenc Heat by 
tiri^ Computa* 
tion. 

Corredion for 
the Heat re¬ 
ceived by Oafs. 

Whole Latent 
Heat. • 

1 

457 

23 

480 

2 

411 

29 

44.0 

3 

412 

28 

440 

4 

465 

33 

• *498 

5 

480 

29 

509 

C 

43S 

27 - 

465 

7 

465 

30 

4.95 

Mean 

416.8 


475 
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On the whoIe« therefore, it appears that we'fhall hot exceed Meuvrefult 

the truth when we eftimafe the latent heat of bifrautb at 

1 made, in like manner, two experiments to afoertaiA the muth. 

latent heat of tin, and of thcfe the refults were— £»nenments on 

tin. 


Cxpt. 



1 

520 




Mean, 507^* 

2 

495 



Juatmt best' 
507* 


This agrees remarkably Well with the determination of this Latent he*tdf 
point, faid to have been made by my father, in Black's 
Le6tures. 

Zinc is computed, by Bergman, to melt at 700^ of Fahren* 
heit's thermometer. Taking that for granted, I made three 
experiments on the latent heat of zinc, in a umilar way with 
that already related with bifmuth. The ^refults were as 
follow: « 


Experiment. 

Latent Heat by lirft 
Computation. 

CorreBed* 

• 

Whole L. H. 

1 

4&0 

28 

518 

2 

476 

22 

498 

3 

443 

32 

475 

Mean 



493 


In thefe experiments no allowance is made for lofs by ileam, Litpnt heat of 
which, however, by the dexterity acquired by pra£lice, I was*®^ 
enabled to render very fmall. « « 

Lead I found to melt at a point above 584^. Owing to the 
Hiortnefs of the thermometric fcale, I could obfervS no higher. 

I fugpofe therefore that 594-*^, as found by Dr, Irvine, cannot « 

be materially diHant from the truth. Afliiming it as true, I 
proceeded^ to make feveral experiments on the latent heal of 
lead. In doing this I was led immediately to notice, that 
melted lead does not by any means produce fo much Beam as 
other metals do when poured into water, even under the moft- 
carelefs management; and of this the reafon will appear freia 
the following table: 
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Experimenis on the Latent Heat of Lead, 


Ko. 

Latent Heat. 

Corrected. 

Whole Latent Heat. 

L 

127.8 

IC’-S 

13S®.1 

2 

14^.8 

11 ®. 

153".8 

3 

149.9 



4 

161.8 



5 

131.5 



Mean 

142.7 

Mean 

145®.9 


In thefc experiments I have, by accident, lofl the notes of 
the determination of the weight of the veHel employed in all 
but the two firfl inflances: notwilhflanding which it may be 
fairly inferred, that the mean latent heat of lead is about 150^, 
a quantity certainly unexpectedly fmall, and which, in many 
more experiments than thefe related, I was at pains to exa¬ 
mine, without being able to difcover any material inaccuracy. 
In the fecond experiment, where a little tleam was formed, 1 
afcertained the lofs to be four grains. If thefe four grains be 
fuppofed, as in the cafe of bifmuth, to contain 4-70" of heat, 
the computed addition to the latent heat of lead wdll be 20^.3, 
making in ail a little more than 162°. , This is certainly a very 
peculiar and unexpected quality of this metal. 

Xxperimenti on The only other fubllance which I hav^ ||ubmitted to exa- 
fulpbar. mination for the purpote of afeertaining its Caloric of fluidity, 

is fulphur. The melting point of fulphur is commonly (fated, 
in elementary works, to be at 212^ : But that this is not accu¬ 
rate any one may convince himfelf, by immerfing a quantity 
of fulphur in boililjg skater, where it remains altogether unal¬ 
tered. By every trial which 1 have been able to make, 1 
am convinced that the fuflon of fulphur takes place about the 
temperature of 226^. 1 fay about, becaufe the communica¬ 
tion of heat among the particles of fulphur is very flow, and 
the thermometer is often encrufled with folid fulpiiirr, which, 
fome bow or other, certainly cools below the liquid in which 
it is iromerfed. In experiments for afeertaining this point, 
the thermometer ought to be kept in conflant motion. The 
refults of my experiments for finding the latent heat of fulphur^ 
are (fated in the following table. 


Experiinenia 
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Experitnents to afcertuin the Latent Heat of Sulpht^» 


i 


No. 

Latent Heat, 

Coitcded. 

Whole Latent Heat, 

1 

I44‘'.56 

8 ®. 

152®.56 

2 

131® 

7®. 

138®. 

3 

140® 

4® .5 

140®. 5 

4 

136® 



Mean 

137^89 

Mean 

l+3®.68 


Latent lieat of 
fulphar X43i*« 


In ihefe experiments I have fuppofed, from experiments of 
my own, the capacity of fulphur to be *189, which does not 
materially differ from Mr. Kirwan's determination. In the 
other cafes I have traded chiefly to the numbers given in 
Thomfon's Chemidry, though thefe are not always wholly 
unexceptionable. In every indance I have fuppofed the femi- 
liquid to have the temperature of the melting point, which I 
believe is generally true.; but fome pra£licc is required to feize 
the moment before the frozen particles float in the fluid fub- 
dance. In experiments on* fulphur efpecially, inattention to 
this circumftance caufes very great inaccuracy, and was the 
caufe of confiderable embarraflment to me before I obferved 
my error. 

A comparative table follows of the caloric of fluidity of all 
fubflances hitherto examined: 


Subftance* 

Melting Point, 

Latent Heat, 

Ditto in Degree! 
meafured by Ca» 
pacity of Water- 

Fee 

32® 

155«.556* 

' 140® 

Spermaceti 

113® 

145® 

• 

Bees' Wax 

J42® 

175® 

\ 

Til 

442® 

500® 

33® 

Bifmuth 

476® 

550® 

23".65 

Lead 

594® 

162® 

5 *.604 

Zinc *' 

700® 

49S® 

48®.3 

Sulphur 

226® 

» 

143®.68 ' 

27®. 145 


Table of latent 
heats. 


In all thefe inflances the latent heat is expreded in degrees General 
meafurad by the capacity of the relative folid, excepting in 
• the cafes of fpermaceti and bees* wax, which are in degrees 
meafttred by the capacity of the fluid, I endeavoured to rec* 
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Ctnfetof thefe 
Ari^urss* 


Da'ton's a hypo 
thefis not a the 
orjr. 


Ufy this lb aa to make the cpmparifon more fair^ by determ?n« 
ing the fpecilic heat of folid wax and fpermaceti; but I have 
not been able to fatisfy myfelf with either of thefe points, 
owing to the Toftnefs and confequent abforplion of latent heat, 
which a very low degree of heat induces in both thefe bodies. 
The numbers exprethng their latent heats are therefore too 
low. On infpedlion of the above table, there does not appear 
any ratio by which the quantity of the caloric of fluidity feems 
to be guided: it certainly does not increafe with the difficulty 
of fuGon, but moft probably hasJbme connexion with the re¬ 
lative capacity of each body in its folid and fluid ftate. The 
determination, however, of tlie capacity of any of the metals 
in a fluid form, excepting mercpry, muft be regarded as an 
extremely diiScuU talk. 


XL 

Strt£hire$ on Mr, Daltoh's DoSirine qf A/tJred Gajhs, and an 
Anfwer to Mr, Henry’s Defmice q/* the Jhme, lu a letter 
from Mr, John Couch. 


To Mr. NICHOLSON. 

SIR, 

1 Have ventured to defend the chemical union of water and air, 
as well as the homogenity of the atmofpherical gas. My tlioughts 
on Uiefe fubjefls are briefly Hated in your Journal *; and the 
farther profecution of the enquiry compels me to make an open 
attack on my friead Mr. Dalton, and liis. new convert, Mr. 
Henry, The difpute (hall be fairly condu£led on my part 
that is, it (hall confift of arguments which I am ready to aban¬ 
don as foon as they are refuted; this promife is due to frigid* 
fliip, as well as the obligations of truth. 

The firft thing tp be afeertained is Ihje proper appellation of 
Mr. Dalton’s opinions. His do^rine of mixed gafes isoflfered 
to the public, as. a mechanical, theory^ fou&ded. on f^hemical 
fafts : a little attention, however, to Mr. Dalton’s eflays, will 
deprive it of all claim to the title of a theory. Thisds evident 
from the nature of the mechanical philofophy j ev:ery branc^ 


♦ Vol, VIII. Page 243. 
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of^hicli admits of a mathematical demonflration, derived from 
Newton’s definitions and laws of motion; but Mr. Dalton has 
not attempted to give /lability to his new ideas, by the aid of 
the mathematics; on which account the only appellation due 
to hiH do£lrine« is that of a hypothefis. 

No philofopher ought to difregard the means which are The hypothelii 
able to confirm his opinions, becaule Ihefe means may be found, mechsnicaU 
trial, to fubvert them. This 1 believe to be the cafe with 
iTiy friend’s hypothefis; for I have endeavoured to (hew the 
fallacy of it by mathematical arguments. The refult of this 
attempt will in all probability appear in the next volume of the 
Manchefier Memoirs; when the merits of the effay will be de¬ 
termined by geometricians, who are the proper judges of fuch 
produflions. This want of geometrical demonfirution efcapes 
the notice of the chemifi, becaufc my friend has feemingly fup- 
plied the deficiency by a number of probabilities of an expe¬ 
rimental nature ; but it is almofi fuperfiuous to remind either 
him or your readers, that a myriad of fuch proofs cannot uphold 
a dodrine which is repugnant to the mechanical phitofophy. 

The two leading maxims which are derived from thefe proba- Conclufiom 
biltties, and form the bafis of the hypothefis, are thus 
exprefled by Mr. Henry: mixed gafes neither attradl nor repel 
each other, and every gas is as a vacuum to every other gas*”. 

Mr. Dalton, reafoning from thefe premifes, furrounds our 
globe with an independent atmofphere of vapour, the prefiTure 
of which preferves all the water on the earth’s furface in a 
liquid ilate, and prevents the ocean itfelf from efcaping through 
the air, by virtue of its own elafiic force; at lead the lad is a 
fair inference from hisown conclufions. 

Although I have demondrated the exidence of an atmo* Dalton's rearon- 
fphere of vapour to be a mechanical impodibility, -in the eflay*"8 incomplete, 
mentioned above, the reality of the thing diall be foppofed at 
preftnt, for the purpofe of dete£ling the fallacy of the doflrine 
in the fundamental maxims of it. The truth is, Mr. Dalton 
has difcontimied his train of reafoning too Toon ; for, had his 
arguments been purfued to their proper limits, they would 
have difeovered the incompatibility of the hypothefis and na* 
tural appearances. This omiffion is eafily fupplied, and will 
be as es^ty .comprehended, by a perfon who underdands the 
•laws of bydroflatics. 

• Phil. Jouni. Vol. VIH. Page 298, 
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A fecond par- If a particle of vapour can pafs freely through the air, a f^^^ 

fucceed it at any given dlftance; becaufe tlie 
latter may undoubtedly purfue the track which the former has 
already traverfed: confequently, a feries of fuch particles, pof- 
feffing the denfily of water, might be raifed into each perpen¬ 
dicular pore of the atmofphere, by the application of a proper 
Air prefles upon force to the furface of a colleflion of water fupporting fuch an 
Diater. atmofphere. Now the exiftence of fuch a force is certain; 

becaufe when air is injefied into either leg of an inverted 
fyphon containing water, it condantly difturbs the equilibrium 
of this fluid ; that is, the gas preifes upon the liquid, notwilh- 
funding the fuppofition, that the former is a vacuum to llie 
Air a perforated particles conflituling the latter. If now we combine the pof- 

tulates of the liypothefis with the preceding la£l, a column of 
* air, which occupies the upper part of a veffel containing water 
in its bottom, becomes a heavy piOon, having its fubfiance 
perforated in every direflion by pores of eafy tranfmifrton, 
which are, at the fame time, feparated by partilicMis imper¬ 
vious to water. After contemplating this imaginary flruSure 
of the atmofpherical gas, let tlie^eader invefligale the confe- 
Alrndtavacuum^uences of it, and compare them with natural events. The 
vapour. impenetrable parts of the gafeous pilton would compel the 
water to afeend along its perpendicular pores; In which it 
would be kept duly condenfed by the prefl'ure of the incum¬ 
bent vapour. The fpecific gravity of this column, compound, 
cd of air and water, would exceed that of the external air; 
<:onfequentIy the upper extremity of it would conflantly glide 
over the edges of the veflej into the atmofphere. Thus there 
would happen a double lofs of w'aler, namely, by evaporation 
and percolation: *buf DOtbing of the kind is obfervable in ma¬ 
ture; conf^quenlly the air is impenetrable to the confiituent 
particles of water not healed to the boiling point. 

Impenet'jbllity The circumftance of water not being able to penetrate Sir at 
no oht^scle to low temperatures, is no obfiacle to the chemical union of the 
chcmiwl union, fubftances; for many aqueous folutions of^iiills occupy 

lefs Tpace, when completed, than the materials formerly did 
of which they are compofed* This fa£l has been eilablilhed 
by the prefent Bidiop of Llandatf; and it proves that bodies, 
which are mutually impenetrable, maybe fulceptible of the 
bond of chemical affinity. 

After 


One gis not a 
vacuum 10 an¬ 
other* 
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j^fier all has been faid about the conftitulion of gafas*: 
the notion is incorrect, flriSly fpeaking. which fuppofes each 
gas to be as a vacuum to every otber. The focegoing oblerva^ 
tion may alfo be extended to mixtures of carbonic acid gas 
with water; and the following inftances maybe adduced in 
confirmation of the propofition : When a particular gas is de^ Proved by expe- 
veloped in a vefiTel containing common air, the firft portion 
that comes over has in it lefs of the fpecific gas than the fe¬ 
cund ; nor is the fecond equal to the third in purity. This 
circumfiance fliewi, that the new-formed gas does not find a 
vacuum in the air of the veflel; on the contrary, the two 
fiuids produce a mechanical mixture, which is gradually ex* 
pelled, until no part of the air remains in the tube or bottle. 

In like manner, if a bottle of highly aerated water be opened 
fuddenly, the rapid expand on of the liberated gas eje£ls a 
great part of the contents, thereby proving that water oppofes 
an obftacle to the dilatation of this gas. In reality, Mr. Dalton 
allows one gas to be an impediment to the motions of another; 
but at the fame time he maintains, that two fuch fluids finally 
overcome their mutual obflfuClions,. and occupy the fame 
(pace in a (late of perfed independence. This is A prppofi- 
tion which may be jufliy fufpeded of being a rolecifm in pneu¬ 
matics, until the author of it has proved the contrary by a it* 
gorous demonflration. 

Amongfl the many probabilities which have been offered in A new theory af 
fupport of the hypothefis, perhaps none are more ingenious ®’^®^y**^** 
than the remarks of Mr. Henry ; and the part which I have 
taken in the prefent letter, obliges me to place them in anew 
li^^ht. This attempt mud, however, be preceded by a theory, 
which will explain the relations of tbpfe gafes that neither 
attrad nor repel each other: fuch an explanation became a 
neceffary part of pneumatics, from the time when Dr. Prieflley 
macA his experiments upon mixtures of this defcription. The 
following, then, is a (ketch of a theory, having for its founda¬ 
tions the Fifatual repulfion of homogeneous particles, and the 
reciprocal re(i (lance which gafes have been (hewn to polfefs. 

When two fuch' gafes come into contad, parcels of each Sketch of the j 
will be detached by every (light force, and enveloped in 
fubflance of the other. In this manner, the two fluids will be 
Jbroiyeii to pieces, and blended io one mafs forming a mecha- 

3 nical 


0OCTA1VI or MIXKD OASftS. 


nictl fnixtiire; th« component parts of which cannot be Se¬ 
parated wUhout the inlerveoUpn ^ chemical agents, becaafe 
the disjoined fragaaents of each gas will be prevented from re- 
Exception to the uniting by their mutual repulhon. There is one exception, 
general ru c. im^ever, to the general rule ; for when a liquid is found in a 

mixture, the component parts will follow the law of their 
fpecific gravities; becaufe an inelallic fluid is not a6iuated by 
an intrinfic repulfion, in all other cafes the gafeous fragments 
will continue to be farther and farther fubdivided, and will coh- 
fiaotly afliime anew arrangement from the fligheft agitations. 
The conflituent parts of fuch a mixture exert their force in 
perfed union ; and this circumflance difiinguifties it from Mr» 
Dalton’s comf^ound, the conflituent gafes of which prefs fe-> 
parately upon all furfaces. 

Thetheoryap- The neceflary premiles being now fettled, it is time to try 

Hemy’fi^ex'eri powers of the theory upon Mr. Henry’s experiments. If, 
pjimw/ *****^* then, ten meafures of water, containing an equal bulk of car¬ 
bonic acid gas, be prefled by a column of the fame gas, equi« 
valent in force to 30 inches of mercury, the flute ot the aque¬ 
ous compound will remain iciv^yriable; becaufe the fpring of 
the ggs in the water appears, by Mr. Henry’s experiments, to 
be equal to the fpring of the incumbent gas; therefore, fliould 
B gafeous particle happen to efcape from the compound, an 
equal pprticle, from the upper part of the veflel, will replace 
it immediately. But if the incumbent carbonic acid be made 
to give place to a mafs of common air of the fame claflic force, 

' (be fur&ce of the aqueous compound will undergo no change 
of preflure; but the gafeous part of it, meeting with no repul- 
lion from the column of air, will begin to form a mechanical 
mixture with it, fccdrding to the theory. The parcels of the 
carbonic acvd will alfo remain diflind, according to the fame, 
after their efcape from the water; and as a number of tlicm 
tydl be arranged pn the furtace dividing the two mcdi'&ms, 
they will tbrm fp many obflaeles to the dtfeharge of their kin¬ 
dred gas; (be egfefs of which will be coniined ftf the inter¬ 
mediate compartmept^ of eafler tranfmiiTion confifting of com¬ 
mon air. diviflon of the furface between the (wo medi¬ 
ums, into compartment^ of eafy (ranfmiflion and inapene- 
IraUe points, ultimately produces a fort of equilitKium, which 
aligns their re^pe^ive portions of the elaflic acid| to the gefe-. 

pus 
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6u\compounds. The origin of this equilibrium is eafily cd- 
levied from the preceding theory and the laws of pneumatics. 

For the globules of carbonic acid, contained in the gafeous 
compound, invariably exert the force of 30 inches of mercury;' 
they therefore prove too powerful for the rarefied gas of the 
water, which they comprefs, and infinuate part of their own 
fubflances into the fluid. Whilft this operation is going on at 
innumerable points in the furface, portions of the fame gas 
are conflanlly forced through the compartments of eafy trant 
miflion, by the (lighlefl agitations. Now the quantity of gas 
which is difeharged into the air of the jar, is greateft at firfly 
and continually dimini flies; on the contrary, the quantity that 
is forced into the water through the former paflages, is leaft at 
iirfl, and increafes afterwards; confequently the two quantities 
ultimately become equal, and eftablifli the equilibrium in que£- 
tion, by the contrariety of their efledls. 

The preceding is a general propofltion, which explains a Concluding le* 
variety of a*ppearances, fuch as Mr. Henry has defenbed, by 
by the well known principles of mechanics. Should the con* 
lideration of it be attended y^ith convidion on his part, he 
perhaps will give a new turn to his experimental enquiries, 
and endeavour to difeover the law of affinity, which conne£ls 
water with the diflerent gafes* It is almofi certain, that this 
luw is not the fame in all cafes, as will be feen by comparing 
the experiments of M« la SaufTure on the folution of water in 
common air, with Mr. Kirwan’s obfervations on the folvent 
pow'ers of hidrogen; which may be found at page 14 of tbe 
tirfl edition of his Eflay on Phlogiflon. 

JOiJU GOUGH, 

Middlejhaw, Aug, 23, 1804. • 

P. S. The following error requires corredtion: In Vol. VIII. 
page 244, Vne 21« before tbe words, as qft as water, read. 
tfier^ore, and flrike out the fame conjunfliop in line 22. 
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XII. 

Enquiry concerning the Nature of Ihai and the Modes qf its 
Communication. By Benjamin Count ff Rumford, 
V. P. il. S. ijc. Abridged from the PhilofopUical Trattf 
anions for the Year I804*. 

After remarking that all difcoverics on an agent of fuch 
extended operation as heat cannot fail to be eminently ufefu), 
the author proceed.s to defcribe the apparatus nfed in the ex¬ 
periments now to be defcribed: They were the following. 

1« Mercurial thermometers carefully conftruded, having 
cylindrical bulbs, four inches long and four tenths of an inch in 
diameter, and their tubes from 15 to 16 inches long; the air 
being excluded, and the graduations according to Fahrenheit, 
exhibiting eight parts of degrees by means of a nonius. 

2- Four cylindrical vefTels of thin (heetbrafs, forafcerlaining 
the warmth of clothing. Fig. I. Plate 1. The vcflel isclofed 
smdVuf- both ends; but has a neck at the top, into which hot water 
tod to cool with ig occaiionally poured, and in which one of the thermometers 

^^cloSiing?*^ is fitted and placed during the time of an experiment, fo that 

its long bulb Hiall occupy the axis of the vefTel, and will fliew 
its mean temperature. Another cylindrical neck proceed.s from 
the lower furfacc, and is fitted upon the adjuflable part of the 
wooden flem beneath. The vefTels are four inches long and 
four inches diameter, and tlie necks are about eight tenths of 
sn inch in diameter, the upper one being four inches long and 
the lower three inches. When the vefTel is clothed and charged 
with hot water, its rate of cooling by expofurc to the quiet air 
of a large roem^will fhew the relative warmth of eacii parti¬ 
cular kind of clothing. 

In fome of the experiments the ends of the infirument were 
permanently covered by the application of a thin wooddli box 
to each, the box being varniffied and covered with fine writing 
papery and filled with fipe eider down, and a cap of fur was 
pulled over the box, and the projeftin^ neck. The cloth¬ 
ing of Ihefe cafes was applied to experiments to the cylindrical 
furface. 

Two of the inflruments (No. 1 and 2.) were thus covered 
up at the ends, and Ihe other two (No. 3 and 4) were left ijn 
the ftate reprefenied Fig* l» without the perlna^ent cQverii[igft« 
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Iv each experiment two fimilar inftruments (fappofe No. 1 Method of oper¬ 
and No, 2, or No. 3 and No. 4) were ufed, one noAedand the *^“8 the 
other coveredj lo that in each experiment the naked intlrument the ctFeft of 
ferved as the (landard of coinparifon with the other, clothing. 

The experiments were made and regiftered in the following 
manner: the two inArviments ufed in the experiment, placed 
over their wooden (lands, being fet down on the floor, were 
tilled to within about inch of the lops of their cylindrical 
necks with boiling hot water; and a thermometer being put 
into each of them, they were placed at the diflance of three 
feet from each other, on a large table in a corner of a large 
quiet room, 24 feet long, 19 feet wide and J 3 feet high, where 
they were fuffered to cool undillurbed. Near them, on the 
fame table, and at the fame height above the table, there was 
placed another thermometer, fufpended in the air to the arm of 
a ftand, to afeertain (he temperature of the air. 

Every caution was ufed to prevent diflurbance by currents 
or agitation of the air, whether by partial heat or the intrufion 
of any perfon during the progrefs of any experimenU 

By the refults of a great number of experiments, it Was Scale through 
found that the fame indrument cooled through any 
(fmall) number of degrees, for inilance in very nearly meafured, 
the lame time, whatever was (he temperature of the air of the 
room; provided always that the point from which thefe 10 de* 
grees commenced, was at fome conflant number of degrees 
above the temperature of the air at the time being. The in¬ 
terval chof^ by the Count lay between the 50ih and tlie 40th 
degrees abiave the temperature of the air in which the inAru« 
ine^'t was expofed to cool; when for indance, the air was 
at 58*^-, the interval commenced at 103, abdtnded at 98^.— 

When the air was at 04^*^ it commenced at ll4f^ a^d ended 
at 104p. 

Th# warmth of any covering, or its power to confine heat, 
was edimated by the time employed in cooling through that 
interval, 

As it fometimes happened, though very feldom, in the Method of fup* 
courfe of an experiment (whichIsommonly lafied feveral hours) 
that the moment of the paflage of the mercury through one or inftants of 
both of thefe extreme points was not obferved, it was of im- timeelapfed, 
pprtance to determine the fame by interpolation from the other obferved. 
points obferved. To do this, the author availed bimfelf of 

the 
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the fidlo^iqg law of ^tooling of hot bodies in a fluid, which he 
found by experiment to be applicable without fenflble error in 
the piefent cafe: It is that, if the equal portions of aright 
line reprefent fuccelfire intervals of time, and perpendiculars 
be eroded upon the fame, to denote by their lengths the de¬ 
grees of theexcefsof temperature of the hot body beyond that 
of the cold medium, at points denoting the correfponding in¬ 
fants of time, the line joining the extremities of the perpen¬ 
diculars will be the logarithmic curve. Whence if two tem¬ 
peratures and (he elapfed time be obferVed, it will beeafy by 
the help of a table of logarithms todetermine the time at which 
any intermediate temperature took place. This is exemplied 
by the Count, who then proceeds to relate his experiments. 
Exp* 1. One of the vefTels, No. 1. having its ends clothed 

Iri^liirtncaufcs*^* brfore defcribed, and its poliflied fides naked, was filled 
the heat to with hot water. Another veflel. No. 2. alike in all refpeds, 
*uWcerAm having its fides clofely clothed with Irifh lipen, fuch as 

from a bright is fold in London at 4r. per yard, was filled in like manner, 
aaetaUic Surface, both were fimilarly expofed to cool. 

The naked inflrument employed 35 minutes in cooling, from 
94® to 84» Fahrenheit (the air of the room being at 45®,)— 
But the clothed inflrument was cooled through the fame in¬ 
terval in S6| minutes, confequently this clothing expedited the 
emiffion of heat inflead of confining it. 

When both inflruments were cooled to 429 they were re- 
moved into a warmer room at 62®, and the clothed inflrument 
was alfo found to acquire heat confiderably failw than the 
other. 

Whether the linen accelerated the cooling by afSfling the 
fucceffion of freb particles of air, or by promoting the efcape 
of heat by radiation, were points to be determined. 

Exp. 2 . The Exp, 2. To decide this, the linen of No. 2, was removed, 
•wlt^^giur fides were thinly coated with glue. In thefe cfrcum- 

*ftanees, while die flandard or naked inflrument cooled through 
the interval in 55 minutes, the coated inflrument employed 
' only 4S| minutes. 

In reafoning upon this ex{^riment» the author concluded, 
that if Ibe glue operated only by preventing the air from at-*' 
ladling and fixing ttfelf to the pdifhed metallic fuiface, and 
ceafisquently in that manner facilitated its circulation and the 
cooHng} itw^Idbeof no confeqitencej whether the furfaca 
4 was 
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wat*cpvered by one or more coatings of glue: But, on the 
contrary, if the radiations of heat were facilitated and in- 
creafcd, it might be expedled that a greater effefi* would be 
.produced by two coatings than by one. 

£jrp. 3. The experiment was therefore tried, and it was 
found that the infirument ufed employed only 37|^ minutes in 
patting through the interval. 

Exp, 4, 5, 6, 7. When the experiment was repeated with 
clear colourlefs fpirit varnith, the fame eiTefl was produced, 
and it was augmented as far as by four coatings. But on pro¬ 
ceeding as far as eight coalings, the limit of the greatefteSeA 
was found to have been pafTed. 

Exp» 6, 9, 10. Black paint (lamp black and lize) upon the 
▼amifti increafed the cooling efie£l a little. When the intlru- 
ment was cleaned and then painted, its rapidity of cooling was 
nearly the fame = 35 minutes. And with white paint the dif- 
ference was hot confiderable, as the efied was produced in 
36 minutes. As the paint was laid on in feveral fucceflive 
coatings, the Count remarks that little dependence is to be 
placed on tliefe refults as indicating a difference from colour. 

Exp, 11. TJie clean infirument being fmoked black over a 
wax candle, was found to have cooled through the interval in 
36^ minutes, while the tlandard employed 55f minutes. The 
lampblack, when wiped off and weighed, amounted to lefs 
than y j of a grain, though it had completely covered 50 fquare 
inches. 

With a view to a more accurate determination of the velo¬ 
city of cooling, it was necefTary to afeertain what beat efcaped 
through the permanent clothing at the ends^ This was done 
byobferving the times of cooling with and without the cloth¬ 
ing, and comparing the effeds with the refpedtive furfaces of 
expofu*]^. For the whole furface of the inflrument 85.195 
fquare inches. Is to the furface of its vertical tides; fo Is Uie 
whole quantity^of heat palTed ofr= lOOOQ to the quantity that 
paired through the fame (ides = 5885. And tince by obfer- 
vation the naked inttrument required 45| minutes to cool 
through the fame interval as was palTed through in 55| mi¬ 
nutes when the ends were covered, the author concludes that 
‘45| : 55|: :'5885 : 7015=r what would have paffed in the 
latbr interi'al through the upright furface, and confequently 
that the remainder of the heatri: 2985 parts muff have palTed 
through the covered parts of the inffrument. 


Exp. g. Mdre^ 
coadngs afglac 
increafed tha 
effe£t. 

Exp. 4 , 5 , 6 , f. 
Alfo fpirii vtr* 
nidi, 


Exp. 8, 9 , TO* 
^-and black 
paint. 


whil^ 


Exp. XT. 

And of fmoke 
from a candle. 


Determlnadon of 
the cfcape of 
heat at the flat 
ends of the in- 
flruments* 



Whence the 
fcfults arc cor- 

ledcd. 
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B/ applying ihefe refults to the numbers in Exp. 11. where 
the cooling wos effeAed in 36^ minutes, the Count fays as 55| 
minutes give 2983 heat patTed through the covered ends, fo 
will 36y minutes give J 942 parts. And this taken from 10000, 
the whole heat loft, will leave 8058 for the heat that really 
paired through the upright fides. But it was found that7015 
pafs Ihrougli the naked fides in 55|> minutes; VVhence 
70J5 : 55|: : 8058; 6:3J. And confequcntly, the corre£led 
times are SS-g* and 63^, which exprefs the velocities of the 
pailage of heat through the furface of tlie naked metal, and 
that which was blackened with fmoke, viz. as 5654 to 10000 
nearly. 

In the fame manner the velocities of the palTage of heat in 
the experiment No. 6. are fliewn to have been as 4566 to 
10000. 


A newcourfeof has been remarked that, in thefe curious inftances of the 
«»|teriments. efteAs of modification of furface or clothing upon the tran- 

fitions of heat, the effect may have been favoured by commu¬ 
nication to the air, or by facilitating the procefs of radiation. 
The author's xeafoning upon Exp. 2. appeared not fo decifive 
as to need no fupport from experiments of a different clafs. 
He therefore conflrudled an inftrument for meafuring the effeds 
• ^ of radiation, which is feen in Fig. 2, Tlnte I. 

Inftruments fer Like the hygrometer of Mr. Lcftie,* (as the Count ob- 

ferves) it confifts of two glafs balls at the ends of a tube C 
and £. The tube is of fuch a diameter that one inch in length 
would contain 15 grains of mercury; the balls are 1.623 
inches in diameter; the upright ends of the tube C and £ are 
each 10 inchesjo^g; the horizontal part D is 17 inches; and 
the board A B, to Which it is attached, is 27 inches long, 9 
inches vAda, and one inch thick. The pillar F fupports a cir¬ 
cular vertical fereen made of pafteboard, covered with gilt 
paper on both fides, the afe of which is lo proteA one of the 
balls from rays intended only to act upon the other. The balls 
contain only air, and a fniall drop of colouret^plrit of v;ine 
is introduced by means of a fhort lube projecting from one of 
the elbows; which fhort lube is then hermetically fealed. By a 
little management the bubble of fpirit is brought to reft in the 
middle of the horizontal lube; and when the temperature of 

t 

• Philofopliical Journal, quarto fcilcs, III, 4 61. 

the 
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the fitir in either of the balls is made to exceed that of the 
other, the increafed elaflicit;^ caufes the bubble to move to¬ 
wards the colder ball. 

, By a (imple contrivance of Aiding boards^ the hot bodies 
were moved by rack-work and a winch to any diAance from 
the tbermofeope without the attention of the obferver being 
taken off from the bubble in the tube, and thediAances were 
alfo A)cwn by a graduated fcale and nonius. Fig, 3. Flaie I. 
Aiews one of thefe bodies. It is a metallic cylinder having its 
bafe,{which is to be prefented to the tbermofeope, vertical, and 
its neck obliquely placed for the purpofe of introducing the 
hot Water, and alfo a thermometer for Aiewing its temperature 
at any required time. 

The txpermerits and obfervatinm which conjlitute the remainder 
of this fnanoir will be given in our next. 


XIIL 

Experiments and Calculations relative to phyjical Optics. By 
Thomas Young, M, D* F. R, S, From the Fkilofophlcal 
Tranfiidtions for 1801-. 


It EXPERIMENTAL DEMONSTRATION OF THE GENERAL 
LAW OF THE INTERFERENCE OF LIGHT. 

In making fome experiments on the fringes of colours accom- General Im of 
panying fliadows, I have found fo Ample and fo demonArative * 
a proof of* the general law of the interferenep o/ two portions in the production 
of light, which I have already endeavoured*to eAabliAi, that I 
think it right to lay before the Royal Society, a Aiort Aatement 
of tlie fa6ls which appear to me to deciAve. The propoAtion 
onwhichlroeantoinAAat prefent, is Amply this, that fringes 
of colours are produced by the interference of two portions of 
light; and I tlimk it will not be cfenied by the moA prejudiced, 
that the affertion is proved by the experiments 1 am about to 
relate, which may be repeated with great cafe, whenever the 
*fuyi Alines, and without any other apparatus than is at hand to 
ever^ one. 

Beeper, 1, I made a fmall hole in a window-fhutter, and Frftge* 

covered it with apiece of thick paper, which I perforated with Aadow of a % 

a Ane ^srd are pr^ 
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iuced by thein- a fine needle. For greatef convenience of obCervAlion, I placed 
^ h ® looking glafft without the window-ftiutter, in fuch a po- 
cdg^ ° For in- filion as to refled the fun’s light, in a direftion nearly horis<ni« 
ttrception on one t^l, upon tbeoppofite wall, and tocaufe the cone of diverging 
i^^ftroyst c ^ table, on which were feveral little fcrcensof 

card^papen 1 brought into the fun^beam a flip of card, about 
one^lMrtietb of an inch in breadth, and obferved its fliadovr, 
either on the wall, or on other cards held at different diflances. 
Befides the fringes of colours on each fide of the fliadow, the 
ibadow itfelf was divided by fimilar parallel fringes, of fmaller 
dtmenfions, differing in number^ according to the difiance at 
wbicb the fltadow was obferved, but leaving the middle of the 
fliadow always white. Now thefe fringes were the joint eflfeds 
of the portions of light pafling on each fide of the flip of card, 
and infle6led, or rather diffracted, into the fliadow. For, a 
little fereen being placed a few inches from the card, fo as to 
receive either edge of the (hadow on its margin, ull the fringes 
which had before been obferved in the fliadow on the wall 
immediately difappeared, although the light infleCted on the 
other fide was allowed to retain its courfe, and although this 
light mufl have undergone any modification that (he proximity 
of the other edge of the flip of card might have been capable 
of occafioning. When the interpofing fereen was more re¬ 
mote from the narrow card, it was neceflary to plunge it more 
deeply into the fliadow, in order to extinguifh the parallel lines; 
for here the light, diffraCted from the edge of the objeCl, had 
entered farther into the fliadow, in its way towards the fringes. 
Nor was it for want of a fufficient intenflty of light, that one 
of the two portions was incapable of producing tire fringes 
alone; for, when tliey were both uninterrupted, the lines ap¬ 
peared, even if the intenfity was reduced to one-tenth or one- 
twentieth. 


(To be QoniinuedJ 
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ARTICLE I. 


ExtraB of a Letter from Count jipollos de Mnnjfin Poujkkin, tt) 
Charles Hatchett, F. R. defirihing his Method of 
paring Malleable Platina^ Communicated on the Ecqutfi of 
the Count, b^ Charles Hatchett, Efq. F. R. S. and now 
firfi puhlijhed. 


1. Precipitate the platina from its folution by muriate ofpls- 

of ammonia, and wafh the precipitate with a little cold water. Precip. the 

2. Reduce it in a convenient crucible to the welUknown folution by mur* 
fpungy metallic texture, which wafli two or three times with 

boiling Water to carry otf any portion of faline matter which fpongy mend, 
may have efcaped the aflion of the fire. ■ * wthm 

3. Boil it for about half an hour in as much water mixed 3* weak 
with one tenth part of muriatic acid as will cover the mafs 

the defith of about half an inch in a convenient glafs vefTel. 

This will carry off any quantity of iron that might dill exifl in 
the metal. 

4. Decant the acid water, and edulcorate or (Irongly ignite 4* Edulcorat* 

the platina. and ignite* 

5. To one part of this metal take two parts of mercury, and 
amalgamate in a glafs or porphyry mortar^ This amalgamation^* mercury i 

ts^es place very readily. The proper method of conducing 
it is to take about two drams of mercury to three drams of 
VoL. IX.— ^October, 1404. t platina. 
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6. Mould the 
amalgam Into 
pieces) which 
foon become 
rjid. 


7. Expel t}ic 
mcrcuiy, by ig¬ 
nition : 


LaftJy, 

Heat the phtina 

ftrongly, and 

forge or laminate 
it* 


To fave tlic 
mercury on a 
large fcalc* 


Rcmaricqun this 
procefs. 


‘^pla(ina7 and atnalj^male^Chem together; and to this amalgam 
may be added alternate fmall quantities of platina and mercury 
till the whole of the two metals are combined. Several pounds 
may be thus amalgamated in a few hours, and in the large way 
a proper milt might fliorten tlic operation. 

6. After the amalgam is completely produced, it muft be 
quickly moulded in bars or plates, or any other forms (Imt may 
be preferred; taking carte that ihefe moulded pieces fliould at 
leafl be half an inch in thicknefs, and of a proper length to 
manage them afterwards in the fire; it is alfo requifite that 
the moulds fliouKi he perfeftly even and fmootli. Half an hour 
after the pieces are formed they begin to harden by the Oxi¬ 
dation of the mercury, and change their brilliant metallic co¬ 
lour tor a dull leaden one. 

7. As foon as the pieces have acquired a proper degree of 
hardnefs to be handled without danger of breaking, which 
commonly takes place in a little mure than an hour, place them 
in a proper furnace, and keep them ignited under a muffle or 
in a fmall reverberatory. No other precaution is necelTary in 
this operation but that of not breaking the pieces during their 
tranfporl. The mercury flics ofT during the heat, and the pla- 
lina remains perfcftly folid; fo that, after being ftrongly ig¬ 
nited two or three times before the bellows, it may be forged 
or laminated in (he fame manner as gold or lilver; care being 
taken, at the commencement of the forging or of palling it 
between rollers, not to apply too great a force till the metal has 
acquired all its dennty. It is almofl fnperfluous to add that in 
evaporating the mcicury from large quantities of amalgam, a 
proper apparatus, (iich as in the filver amalgamation, mull be 
employed to rjceipe (lie volatilized mercury; but for fmall 
(piantities, where the lofs oi this metal is of no confequence, 
the furnace inufUiavcaproper chimney to carry off the metal¬ 
lic vapours, Wlien the platina comes out of the firf. fire its 
dimenlioiis are about two thirteenth parts fmaller every way 
than the original amalgam from the mould. The whole of this 
operation feems to be governed by the prelTure of the atmof- 
phere and the law's of cohelive attraflion: for the air is driven 
out from between the molecules of the platina, w'hich by theirs 
folution in mercury are mod probably in their primitive and 
cunfequently uniform figure. It is very vilible and at the 
fame time a very aniufing phenomenon to obferve^ (during the 

procefs 
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procffs of Ignition* which performed in four or five mibUfes) 
how the platina contracts every way into itfelf* as if prefled by 
fome external force** 


I have alfo lately obtained triple falts of muriate of platina Triple muriatic 

with muriate of ponderous earth: and alfo with muriate of 

_ iTrt I r /• ft • I if with earthi and 

magnefia; and 1 Itrongly lulpectihat every other earth except ^ithmetalt} 

the filiceous* and even the metals, are fafcepLible of fuel) triple 

combinations. I have like wife obtained a very beautiful fait—beautiful fait 

of platina by the combination of foda and platina with the mu- 

riatic acid; a combination vvhicli Bergqian and feveral other 

chemifls deny. The befl manner of obtaining it is by diflblv* 

ing the platina in nitrous acid* to which* for that purpofe* two 

parts of muriate of foda and one of platina are added. The 

platina mufl be made in a retort with its receiver* and after 

about four fifths of the fluid have come over* the procefs mufl 

be interrupted, and the whole left to cool in the fund bath. 

The fait cryflallizes in fine prifms* w'hich are fometimes four or 

five inches long* and either red brown* like titanium* yellow^ 

like amber* or of a beautiful £oquelicot colour, according to 

the purity of the platina. I enclofe here my addrefs during 

my abfence* and hope you will receive with indulgence (he 

contents of this letter. 

1 am with great regard* Sir* 

Yourmofl humble and obedient fervanl* 

Count Apollos Moussxn Poushkin. 

* In the CounOs letter to Mr. Hatchett, requefling him to pub-^ 
lifli the method in the text (communicated to^Mr. H. feme years 
ago) the following addition is given ; (in FrCnch^ 

As foon as my amalgam of mercury is made, 1 coenprefsthe 
fimc in tubes of wood, by the prefluie of an iron ferew upon a cy'^ 

Hiider sf wood, adapted to the bore of the tube. This forces out 
the ruperabundant mercury from the amalgam, and renders it folid. 

After two or three hours 1 burn upon the coals or in a crucible 
lined with charcoal* the (heath in which the amalgam is contained, 
and urge the fire to a white heat ; after which I take out the platina 
In a very folid fl:!te, fit to be forged/' 
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On Pepper, J5j'T hom as Thomson, M,D. Communicated 

by ike Author, 

Vegetable Che- NOTWITHSTANDING the great number of labourers 
xnifijyoQgle&cda have engaged in the cultivation of chemiftry, the field 

of that alluring fcience is too ^xtenfive to be fully occupied. 
While many fubdivifions are left entirely wafie, and others 
exhibit here and there only faint traces of improvement, fome 
fortunate fpols, either from their fuppofed importance, or from 
the influence of fafhion or accident, have been crowded with 
workmen, and cultivated with enthufiaflic eagernefs« The 
mineral kingdom has probably engaged the exclufive attention 
of nearly two thirds of the whole body of practical chemi/ls: 
The animal kingdom, in confequence of the intimate connect 
tion between chemifiry and medicine, has enjoyed a conli- 
derable fharc of cultivation; but the vegetable kingdom, though 
fiirely not inferior in imporlanpe, and apparently rather more 
alluring, has till lately been greatly neglefied, at lead in 
Britain. 

Reafons why Indeed it is not likely that vegetable chemiflry will ever 
this branch muft arrive at the precifion which we have a right to look for in 
accurate than the anaiyfjs of minerals. The confiituents of the latter feera 

fcarcelyfufceptibleof altering their ftale; but thole of vegeta¬ 
bles run progreffively through a regular fuite of changes.— 
Thus the fubfiance, whith in llie embryo ear of corn polfelTes 
the properties of tmicilage, appears in the ripened grain under 
the form of. Between thefe two extremes there exifts 
an indefinite number of intermediate fiates, through all of 
which the vegetable matter fucceflively runs, Tire rapidity 
and compietiim of thefe changes depend upon a multitude of 
circumfiances. In no cafe can they proceed exadlly in the 
lame order and at the fame rate unlefs all the circum'fiances 
tally. Without lliis theconfiituents of two vegetables even of 
the fame fpecies, cannot be in the fame (late, and of courfe the 
analyfis of each, (hough condu6led with the mofl perfe£l ac«‘ 
curacy, will by no means exhibit an exa^l coincidence. 

Changes in VC* But even fuppofing the confiituents of two vegetable bodies 

every rcfpedl the I’ame, ftill the analyiis of each may lead 
by reagents. tD ' 


mineral die* 
mi (try. 
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to different refults. Vegetable fubflances not only pafs through 
a fuit of changes while they conflitute a part uF the living 
plant, but many of them are Aill Fufceptible of continuing the 
fuit even after they are feparated from the parent tlmt produced 
them. Thrift gluten when kept moifl runs into cheeje; ojI when 
long expofed to the fun and air hardens into pr refin, and 
the milky juices of plants into gum^refins. Our analvlis fre¬ 
quently accelerates or occahons thefe changes, and even pro¬ 
duces others altogether new. Hence the principles which we 
extract from vegetable bodies are not always the conflituents of 
ihefe bodies; but a new fet of principles formed during the 
analyiis, and of courfe varying according to the nature and 
circumflances of the experimental invefiigation. Hence we 
are feldom able to form again tlie old vegetable compound by 
uniting together all the ingredients which we have extracted 
from it. 

Thefe difficulties increafe with the complicated nature of the Complicarion of 
vegetable body; for the greater the number of conflituents is, 
the more liable are they to undergo alteration during an anal}- 
fis. Indeed fome vegetable principles feem incapable ot ex* 
iding except in combination, and are decompufed or new mo¬ 
dified the inflant we attempt to feparate them. 

The variety of flales in which the vegetable principles fuc- Loofc nomcn- 
cefTively exifti together with the difficulty of examining their 
properties without altering their nature, has rendered it necef- 
fary for chemifls to apply the names of them with giealer lati¬ 
tude than is ufual in other departments of the fcience. A ge¬ 
neral refemblance, indeed, in the mod driking properties, 
feeros to have been thought futliciont to entitle vegetable prin* 
ciplestothe fame name. If we examine tke bodies termed 
gum, we (liall find them running on the one hand into Jiarc/t, 
and on the other into Jl/gar; and forming a pretty long feries, 
havin;y fugar and ftarch at the two extremities: no two of the 
fiibdances condituting the feries are exactly the fame; but the 
fame name is ufually applied to all thofe that liave a general 
rcfemblance. This will be eafily feen by the following table, 
in which 1 have fubdivided the feries into five genera* 




Common sugar 

2. Sugar of grapes 

3. Sugar of l^et. 


Inftances in 

fugar, 

ftarcb* 


Genus 1. Sugar * 


ll. SarcocoU 
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Thefe terms 
generic* 


SuhjeA intro* 
duced: 


Defcrlptlon* 


Maceration In 
cold water* 


IL Sarcocoll - 


III. Gum - - 


{ I Manna 
2. Liquorice 
3 Common farcocoll 
4 Saccharine of malt. 

r 2. Mucilage of roots 
J 2. Cherry-tree gum 

1 3. Gum^rabic 

V d, r^iim of 


IV* Gluten 


V. Starch 



1, Gluten of barley 

2, Gluten of wheat 

3, Cafeous principle. 

1. Gum tragacantli 

2. Gum of lichens. 

3. Common flarch. 


9 


t The terms gu?n, Jlarch^ &c. in vegetable chemiflry 

are not to be underflood as the names of peculiar fubflances, 
nor even as /pedes; but merely as genera^ and nearly fiinilar 
to the terms metals, acids, alkalies, &c. in the other depart¬ 
ments of chemiftry. , 

The preceding obfervatioiis will ferve, I Iruft, as an apology 
for the imperfeflion of the following remarks on pepper^ I 
ofler them to the public not as an analyiis of that vegetable fub- 
Aance, but as an account of fome of the properties of its moft 
remarkable conflituents, 

I. Black fkfper is the fruit of an Eafl Indian plant, the 
pipernigrum, and is too well known to require any particular 
defcriptioi). The outer coat of the pepper-corn is brown, 
and a good deal flirivelled* Its tafte ic not nearly fo pungent 
as the inner part^ of. courfe it contains lefs of the peculiar prin¬ 
ciple to which pepper owes its tafle and fmell, 

II. When pepper is macerated in cold water it does not 
lofe its flirivelled appearance; a proof that the corns a^e im¬ 
pregnated with an oily fubAance, which prevents them from 
abforbing water. Tlie liquid very foon acquires a fine deep 
reddifl] brown colour, but retains ilstranfparency. IVhiiepep^ 
pert which is know n to want the outer coat, communicates no, 
fuch colour to water; the colouring matter then niufl reflde in 
the outer coat. 

The watery infufion thus o|}tained polTcfles the fmell and 
tafle which are peculiar to pepper. Like niofl other extru6l^^ 

it 
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U has the property of giving a red colour to vegetable blues. 

A very great quantity oK water fuccefiively applied is net efTary 
to exhauft the pepper of its colouring matter; but tiie finell 
and tafle of pepper become Id's and tef; (irong in thefe infu- 
fions, and at latl altogether imperceptible, leaving the infufions 
infipid, or flightly fwcetidi. 

1. Thefe cold infufions contain a peculiar cxtraBive matter. Peculiar 
which feems to rctide in the outer coat uf the pepper-corn. 

In the firll infuhons their matter is united to the fubtlance, in 
which the (afte and finell of pepper refide, and occafions its 
folubilily in water. In the lafl inluhons, if we judge from 
their appearance, it feems to be mixed with a mucelaginous 
fubtlancc. 

2. If we mix the infufion of nut-galls with the cold infufion Cold and hat 
of pepper, no fenlible change is produced; but in a decodtion 

of pepper, it produces a copious flaky precipitate. Hence with infui. of 
we learn that there is a fubflance in pepper infoluble in cold 
w^tcr, but Separated by means of boiling water. This fub- 
flance, as fliall be afterwards fliown, h a fiTecics ftarvh. 

3. When pepper is macerated in alcohol it communicates a Maceration of 

light yellowifli green colour t<.* (he liquid, which becomes at 5l^*|^and*di^^'tla" 
Ihci lame time fully impregnated wiili the peculiar hot princi- tion leave 'WtAnx/c 
pic which charaflerizes pepper. By dillilling this tindiure in 
a retort, the alcoliol is obtained colourlefs, but of a decidedly 
peppery flavour, 7'owards the end of the diflillation, the 
liquid in the retort becomes muddy, and depofites a greenilh 
matter, part of which may be obferved aifo trickling down the 
ficles of the receiver like drops of oil. The refidual liquid is 
yellow, but nearly infipid. This green matter is the fubflance 
to which pepper is indebted for its tafle and fmell. Its pro¬ 
perties are analogous to Ihofc of the volutik oils, 

4. Thefe three bodies, namely, -and of/, I 

confi.ier as (he moft important ingredients of the pepper-corn. 

Let us examine the properties of each, beginning with the oil, 
wliich isobvioufly (hccirential ingredient. 

111. The colour of the oil of pepper is grafts green. When CharaAers •f 
lirfl obtained it is of the confiftence of turpentine, but it gra- 
dually hardens by expofure to the air. When moderately 
heated, it gives out a liquid oil of a yellowifli green colour, 
and leaves a folid mafs, flmilar nearly to a refin. When thrown 
into water, it finks to the bottom of that liquid. 

Its 


otr fbpfeA. 


eorn. 

flabiturfes. 

inflammable^ 


Volatile by 
fl^og heat* 


Soluble In alco- 


&c. 


n 

Tafte and fmell Its tafttf is intolerably hot, and precifcly iimilsr to that of 

When be3t«d to 100®, it foftens; tt melts at 148®, et'apo* 
rales a little above 2212® in a white Imoke, which fmellslike 
tobacco fmoke, irritating the throat and exciting coughing. 
Evaporated to dr^nefson aglafs plate, it leaves a yellow trace 
behind it. When fuddenly heated, it boils violently, and the 
Vapour burns with a clear white flame without any fmoke. 

It gives agreafy flain of a green colour to paper. At 600® 
the greafy appearance is removed, but the green mark flillcon* 
tinues, unlefs the heat be fufflcient to char the paper. Hence 
I think it follows, that the colouring matter of this oil is a fub^* 
iiance entirely diflinfl from the oil itfelf. 

The oil of pepper is infoluble in water; alcohol and ether 
but not^witerl dilTolve it readily; the folution is light green; alcohol holding 

it in folution, acquires a very fragrant odour, precilely flmilar 
to that of oil of lavender. When water is added to this folu* 
tion, the whole becomes milky, and pafles in that Vate through 
the Alter. On (landing fume weeks, light green flakes fubfide, 
but the milky opacity is permanent. 

Alkalies have no fenfible aflion on this oil while cold. 
When thrown into liquid potafh it fwims on the furface. If 
the liquid be heated, the oil becomes brown and acquires 
greater coniillence. At the fame time it evaporates partially, 
diffufing around the peculiar odour of pepper. 

•r of nitric acid. Nitric acid difTulves it with effervefcence, the folution is^el- 

lowifh brown, and a waxy matter (wims on Ihe furiace. This 
^cid a£ls in the fame manner on other volatile oils. 

The oxygenized muriatic acid deftroys the green colour and 
makes it yellowifli white. But it fliil retains its (onnertafle. 
Thefe properties*' ore fufficient to authorize us to refer this 
with col. nutter green mat/cr to the genus of volatile oils It is not however 

g pyyg Qii^ fur belides the colouring matter already mentioned, 
it obvioufly contains a fubftance which approaches to the genus 
of refins in its properties. 

IV, The EXTRACTIVE of pepper is procured by maceraU 
ing the pepper«cprns in cold water. Like the other fpecies of 
this difScuit genus of vegetable principles, it is fcarce poifible 
to obtain it in a (late of abfolute purity. But if we macerate 
the pepper-<orns whole in fuccelfive portions of water, till the 
]i(}uid lofes the peppery flavour, and then pour on them frefb 

4 watefi 


Adjon of il« 
kalis* 


— and of ox. 
mur* acid. 

It is a vol. oily 


ExfreBrot of 
pepper. 
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wateTf we obtlin an infuiion which I beriere holds in foiu- 
tioB ftrarcely any thing butextradtive. If this infufionbe eva¬ 
porated (lowly in a fleam heat« it leaves a brown rehduufn^ 
which I conflder as extradtire of flareh not far from purity* 

1. The infuiion is inhpid or (lightly fweetin^ and of a fine Aq. folutioii 
reddifh brown colour. As the evaporation advances^ (he co- 

lour deepens, and the liquid acquires an acrid flavour, fimilar 
to that of fcorched vegetable matter. This flavour, which in¬ 
dicates a commencement of decompofllion, is evolved at a 
very moderate temperature. 

2. If the evaporation be condudted rapidly the extradlive is 
opaquei dark brown, and has a perceptible tafle, and dele- 
quefces or ut lead attradts moiflure when firfl expofed to the 
atmofphere. But bj' very flow evaporation I have obtained 
it in fine femi-traiifparent brown fcales, which are infipidi 
brittle, and not altered by expofure to the air. 

3. This extradiivc ditlolves readily in water, but not in a!- Soluble in water, 
rohol. If it be repeatedly ditlblved in watert and the folu-”“^ *” **“* 
tions evaporated to drynefs, a fmall portion of it becomes in- 

foluble in that liquid; but the greater part continues foluble 
jfier the procefs has been repealed occafionally even for 
months. 

4. This ext radii ve is precipitated from water by moft of the Preclplt. by 

metallic faltsand by feveral of the earthy folutions. metallic falw. 

It is thrown down in brown flukes by lime-water ftrontian 
water and alum. Barytes water deepens the colour, but oc- 
cafions no fenfiblc precipitate; nor is any precipitate pro¬ 
duced by (ilicated potafs or the magnefian falls. 

it is precipitated brown red by the nitro-muriale of gold, 
the nitrate of filver, mercury, lead and bifim^th, and by the 
muriate of tin and antimony. When mixed with the infuiion 
of litmus, the colour becomes red. Ammonia reflore*s the ori¬ 
ginal ct^lour, and at the fame time throws down a copious blue 
lake. 

5. When a current of oxymuriatic acid is paflTed through ox. mur. 
the infuflon of pepper, the brown colour is fpeedily converted 
into a pale yellow, and the exlradlive precipitates in white 
(lakes* The eaiiefl method of making this experiment is the 
following: Put a quantity of the hyperoxymuriate of pofalh 
into a fmall retort, having a long neck (or a flatk provided 
with a bent glafs tube ground into it) and pour upon it a por¬ 
tion 


acid* 
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Deco^tnA of 
pepper affords 
with rd»t a prc 
cip, foluble in 
hot) but not in 
cold water. 


tion of muriatic acid. Let the infuGon of pepper be put into 
a tail glafs vefleh and plunge the beak of the retort to theboU 
tom of it* A current of oxymuriatic acid is difengaged from 
(he (altp and patTes in bubbles through the infuGon for a conG* 
derable time. 

When ammonia is added to (he infuGon thus made white* 
the original red colour is reflored. The white flakes precipi-* 
taled by oxymurialic acid gas are infoluble in cold water. 

V. That pepper contains a fpecies of flarch, I conclude 
from the following experiment, which I have frequently re* 
peated. ' When the decodlion of pepper is mixed with the in¬ 
fuGon of nuL-gaIN, a copious precipitate falls in reddifli brown 
flakes. If this liquid l>e heated to the temperature of about 
120®, the precipitate is re-diflblved, but appears again when 
the folution cools. Now (he only fubGance which poflefles 
the property of forming with (an, a precipitate nearly infoluble 
in cold water, but very foluble in hot water, is flarcli. Tan 
indeed throws down gluten, but the precipitate*is not re-dif- 
Iblved in the application of heat. It throws down caoutchouc 
and fonie of the gum-rcfins, but the precipitate is fcanty and 
probably owing to the extraneous matter. The precipitate 
which it forms with gelatine and albumen cannot even by the 


moft carelefs obferver, be confounded with the compound of 
This property is flarch and Ian. But beGdes this properly, which I conGderas 
®^charadteriflic, the flarch of pepfier, agrees with common 
flarch in the phenomena which it exhibits with the different 
chemical reagents. 

As thefe phenomena have not yet been detailed by chemical 
writers, it may be neceflary to give a fliort tkctch of them in 
this place. ^ , 

Starch noteafily 1- Starch is one* of ibofe vegetable bodies that are leafl li- 

A__ ^ % m . ^ . 


Pltenomena of 
ftarch with re* 
^ats. 


Uecompofed* 


Not foluble in 
alcuho), ether, 
or water. 


Forms a jelly 
with hot water 
which is little 
chauged. 


able to decompoGtion. It conflitules one of themofl import, 
ant arlk'les of food, and adls an important part in the [jroduc. 
lion of fermented liquors. The obvious properties of com¬ 
mon flarch are too well known to require any defeription. 

2. Neither alcohol nor ether nor water are capable of dif- 
folving it. The lafl liquid when afTifled by a boiling heat, 
readily unites w'ith it, and forms a kind of jelly, which may 
be diflufed through boiling water; but when the mixture is 
allowed to Hand a fuflicient time, the flarch flowly precipitates 
to the bottom. By drying the compound of flarch and water, 

a brittle 
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a briilte fubftance is obtained, difTerinfr m app^aranre from 
common flarch, but exhibitinp; nearly the (iiine properties with 
re^agents. The apparent difTerence is probably owing to a 
portion of water remaining united to theflarch, 

.*3. When Aarch is triturated with the hot infufion of nut-—-Completelp 
galls, a complete folution is effefted. The (blution is 
parent and rather lighter coloured than the infufion of ^alls. and precip. by 
When cold it becomes opaque, and a copious curdy precipi-^***’ 
l^te falls. 

The infufion of nut-galls, which I am accuflomed to em-The infuiion of 
ploy in all my experiments, except when the contrary is 
prefsly mentioned, is made by boiling together one part of 
galls in coarfe powder and two parts of water in a glafs retort* 

When cold, the liquid part is decanted into a glnfs phial. It 
is at firft muddy, and opake; but on Handing, afcdiincnt falls, 
and a tranfparcnt liquid remains of a deep brown colour, 
which conflitules ray infufion. An ounce meafure of this in¬ 
fufion, when evaporated to drynefs in a glafs vetfel placed on 
a tin-plate box, heated by fleam, leaves a brown refidue, 
which weighs 68 grains. This refidue confifls chiefly of tan; 
for thegreatefl part of the e\tr^6live gradually feparates from 
the infufion in the flate of a brown, tougli, imperfectly folu- 
ble membrane. Neither eitradire nor pure gallic acid has any 
effect upon the deco6lion of flarcli. Hence the precipitate is 
obvioufly produced by the foie a6tion of (an upon the (larch. 

4. Twenty-four grains of flarch were triturated with half an Experiment of 
ounce meafure of the infufion of galls, and mixed with ^^bout 
five ounces of hot water. A complete folution took place; 
but on cooling, the liquid became opaque, and a precipitate 
fell, whith dried by a fleam heat, weighed 35 grains. The 
refidual liquor had a light yellow colour and an aflringent tafte. 

When evaporated to drynefs, it left a refidiium that\veighed 
17 gr;^ns. This refiduum contained ilarch, for it was not 
completely foluble in alcohol. In this experiment fome lofs 
niufl have been fuflaincd during the trituration. For the folid 
matter obtained weighed only 52grains; or fix grains lefs than 
the 24 grains of flarch and the 34 grains of folid matter in the 
infufion of galls. The following is more to be depended on: 

After various trials, I found that flarch and tan are capable of 
uniting in different proportions. But the precipitate is leafl 
fohible when |oz. meafure of infufion of galls is ufed for 
.cver^ 24 grains of flarch.— I look 24 grains of ilarch, boiled 

them* 
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them in a flafk mth five ounces of water, and then added 10z« 
meafure of the infufion of On cooling, a copions^pre* 

cfpitate fell, and the liquid remained only faintly coloared* 
The precipitate dried in a (learn heat weighed 31 grain?), and 
the refidoai liquid led 11 grains of reiidue. The whole 
amounted to 42 grains; which is very nearly equal to the 24 
grains of (larch and 17 of tan employed; the compound in this 
cafe coniids of 

65.5 (larch, or nearly 3 (larch 

41.5 tan ... * 2 tan 


100-0 5 

The compound of (larch and tan is of a light brownllh yel<i 
low colour, femi-tranfparent and britlle, anu has a good deal 
of refemblance to common farcucolL Its tade is adringent; 
it feels glutinous between the teeth, like gum. It is very iin. 
perfeQly foluble in cold water, but hot water dilToIves It abun** 
danlly. Alcohol digeded on it acquires a browp colour; but 
is incapable of feparaling the whole of the tan from the (larch. 
When heated, it froths, resells and melts, and then burns with 
a clear flame, leaving like daMi a fmall portion of white adies 
behind it. 

Infufion of fturch 5. To afeertain the efFe£l of the earths and metallic oxides 

on darch, an infulion of it was formed by triturating 24 grains 
of darch with ounces of water, and then boiling the n^ix- 
ture for Tome time. The deco6lion thus formed, is nearly 
tranfparent,. and of a flight opal colour. When fet aiide, at 
lead a month elapfes before the darch begins to fubdde. 

When lime water is mixed with this dccoflion, no change 
is produced; neither is any perceptible alteration occafioned 
by drontidn wafer; *but barytes water throws down a copious 
white flaky precipitate. This precipitate is re-diflblved by 
muriatic acid, but appears again on danding unlefs a confider- 
able excefs of acid has been added. Yet muriate of tuirytes 
occafions no change in the decoflion of darch. 

—with metallic No metallic fait Teems to have the efTefl of throwing down 
(alttt no cffeil. jjg decoftion. The following were tried: 

Nitro*muriate of gold, platinum; 

Nitrate of diver, mercury, lead; 

Muriate of tin, acelite of lead; 

Salts of copper, iron, zinc; ^ 

Ammonialed nickel and cobalt. 


6. When 
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6^ Wbeil pofafft IE triturated wkh flarch^ and a fraall 
Utyof water added, the whole aflTumes on ilanding the ap* 
pearance of a remi-tranfparent jdly. On adding water, an 
opal coloured {bhition obtained, froin which the tlarch is rea¬ 
dily thrown down by an acid. When muriatic acid is 
ployed, a pecaliar aromatic odour is exhaled. 

When the infufion of galls is dropt into the folutkm of ftarch 
in potafs. a yellowilh white precipftate appears, but is imme¬ 
diately re-diflblved. and the liquid remains opake and of a 
dark brown colour. On adding muriatic acid, a copious pre* 
cipitate falls, refembling the compound of Aarch and tan.— 

Nitric acid occafions no precipitate, neither does ammonia. 

The deco£tion of Aarch is neither altered by potaifa. carbo¬ 
nate of potafh. nor ammonia. 

7. Sulphuric acid dilTolves Aarch. and abundance of char- Treatment of 

coal is precipitated. Diluted fulphuric acid, when afiiAed by p '^*Soiu- 
lieat. difTolves it without decompofidon. Sulphureous acidtion. Separation 
has no eA'eft^upon it. ^*****ra*'^L 

Diluted nitric acid nrA reduces Aarch to powder, and then not affe^ed by 
diAblves it. with the exception.,of fome waxy matter. | ^ 

fvricnson the (urface. During the folution. fome nitrous gas by the ancient 
is exhaled. mineral acids. 

Strong muriatic acid difTolves Aarch flawly. and without gf.l^kenomena. 
fervefcence. When the Aarch does not exceed ^ of the 
acid, the folution is colourlefs and tranfparent, but if we Con¬ 
tinue to add Aarch. a brown colour foon appears, and the acid 
lofesa portion of its liquidity. Its peculiar fmell isdeAroyed. 
and replaced by the odour which diAingulflies corn mills. 

Acetic acid Hoes not difTolve Aarch. 

8. Alcohol feparates Aarch in part from i|s^aco£tion. PotaAi Bxperimenai 
diflblved in alcohol occafions a copious white precipitate. 

which is re-<liA()lved on adding a futheient quantity of wafer. 

Alcohol digeAed on fulphuret of potafs. occafions a Aaky 
precipiUte in the decro^lion of Aarch: this precipitate has 
fometlmes an orange colour. 

Such are the properties of common Aarch: the Aarch of Starch of pepper 
pepper poAetles them, excepting only that the colour *|ig[***jj”* 

precipitates is peculiarly modified by the other ingredients oijs united to an 
pepper, from avhicfa it is not poAible to free the Aarch can)*°^ the pepper 
pletely. 

*A very coafiderable portion of the pepper-corn (eenis to 
"oonfiA of Aarch. chieAy united to the oil of pepper. When a 

pepper¬ 
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pppper-corn i&cut in two, we find it coispofed of two QOftts. 
The oulermoft brown flirivelled coat is eafily feparaled by 
fleeping the pepper in water. The fecond coat is much 
thinner and lighter coloured ; it does not feparate by macer-^ 
alion. Beneath this coat is a thick zone of pale green mat¬ 
ter, apparently flarch united to oil. This is fucceeded by a 
thin yellow zone, feemiiigly of nearly the fame compotition. 
Within this is a fmali fpherical fpace, fometimes hollow, but 
mofi commonly tilled with a foft white fubflance like the pith 
of trees. All the zones have the peppery lafte. The outer 
coat has the flavour, but little of the heat of pepper. 


III. 

Ldter from the Abbe Butz on Mr. Rome' de Lisle's and 
the Abb6 Hauy's Theories rf Crtflallojfr^phy. 


(Concluded from p. 39,) 


Primitive forms: 


Secondary. 


l*awa qf the 
Rru&ure of 
cryftah, and 
theory tbencc 
lefulting. 


Synthesis is grounded, as I mentioned, on the fad, that 
allw^ell formed cryflalsare terminated by plain furface*:. 

Since there exill primitive formsi there mufl alfo be fecond- 
ary forms, for the one fiippofes the exiflence of the other. 
The fecondary forms are fuch, that fedions can be made only 
parallel to the tides of the primitive; and when the primitive 
has been produced by thefe fcclions, the diviflon being conti¬ 
nued the integrant particles are obtained. 

The mineralogical analyfis defeends from the fecondary to 
the primitive and from the latter to the integrant par¬ 
ticle; juft folhe mineralogical fynthefis alcends from the inle* 
grant particle to the primitive, and from thence to tlie fecond¬ 
ary forms. A cryflalline edifice is therefore raifed by nx ans of 
the integrant particles. What are the laws of this extraordi¬ 
nary arcliite6ture ? By laws I mean the difpolition of the lai 
minsc, not the means employed by nature to execute the 
curious Briidlure. 

Laws muli exift, id, for the formation of the primitive* 
and 2dly, for the condrudiion of the fecondary form. I'hb 
primitives are either fimilar to their integrant particles, or 
they are not. It they arfe not, their forms mud be paralIelop*x- 

pedons* * 
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pedqpn^ and their laws of fortnation very fimple; for there lisws of the 
will be the lame number of integrant particles in each row, 
there are rows in each lamina, as there are laminsc in the pri-theory thcnca 
mitive form. It is eafy to conceive that all the joints perfedtl) 
coincide with each other, and form continued planes; neither 
will there be any vacuity left between the particles. If tlie 
primitive be not iimilar to the integrant particle, then the iim- 
plicity of the former cafe difappears. I have already flated 
that there are three forms of integrant particles; the telra- 
edron, the triangular prifm, and the parallelopipedon. There 
are alfb fix primitive forms; the parallelopipedon, the ofiae- 
dron, the tetrDeJrf)n, the regular hexaedral prlfm^ the dode- 
caedron bounded by rhombs all equal and fimilar, and the 
dodecaedron with triangular fides and formed by two right 
pyramids united bale to bafe. OF thefe fix primitive forms ^ 
there are only the parallelopipedon and the regular hexaedral 
prifm that can exactly (ill up a fpace without leaving any vor- 
ciiity. The integrant particles of the former are parallelopi- 
pedons; of the latter, triangular prifms. As to the other four 
primitive forms, their integrant,particles are tetraedrons. The 
dodecaedron bounded by rhombs is produced by twenty-four 
fimilar tetraedrons without any vacuity between them ; the 
oflaedron and tetraedron are formed by tetraedrons leaving 
o^aedral vacuities ; and the dodecaedron bounded by tri¬ 
angles, to be formed of tetraedrons, mufi imply fedlions pa¬ 
rallel to more than fix planes; which perfectly coincides with 
obfervation. 

Thefe vacuities, whofe exificnce mufi be admitted in the 
integrant particles, as well as between thufe particles when 
forming a primitive, give rife to the followrng> reflefiions: 

When the elements of a fubflancc are chemically combined, 
that fubfiance is homogeneous. Let us fuppofe a cryflal of 
fuch c«fubfiance to be fubdivided into fmall parallelopipedons 
equal and fimilar; as the fubfiance is homogeneous, and thefe 
little parallelopipedons having no vacuities between them, it 
is evident the elements that compofe them ar6 equal in number 
and proportion. We will next fuppofe the cryfials of (bis fub¬ 
fiance can be divided by fe£lions parallel to fix planes. In 
that ruppofition, nineteen or twenty different fpecies of pa¬ 
rallelopipedons can be produced. Among thefe fpecics fomc 
v^ill be fimilar, others not; but none of the fpecies will be ex- 
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uQly paralld to «aQb other. We will proceed on two ^tnilaf 
cryflalt of the fame fubftance end equal in foliclilyj divLding 
(be £r{l into one fpeciesf the other into a different fpecies, of 
parailelopipedons, equal in folidity but not in furface; and let 
the divifu>n of each be puibed to its lalt term. But as we are 
come by fmooth re6tions to paraUelopipedons of different fpe- 
ciec, thofe fedtions have alfo produced their ditFerencea: but 
by fuppoiition thefe paraUelopipedons are the refult of the laft 
poilible term nf divifion without deflroying the chemical com- 
pofition, and being equal in folidity, though not in furface, 
tliey cannot contain each other; therefore if Uieir differences 
are not integrant parts of botii, tiiefe differences mud ceafe to 
be homogeneous, and we come to a fort of chemical decom- 
pofition. It is true we cannot execute this exceffive divifion, 
but we can form a very corre6t idea of it. If the little paral- 
lelopipedons contain two forts of elements, ilieir differences 
will alfo, but alfo in different proportions; and, fir, if you 
will turn to Berthollet’s Beftarches on ihc Law of /Iffinities, 
you will fee him in all his experiments proving, that however 
perfectly a chemical decompqfition may have been made, the 
refults will always contain a certain portion of thofe fubdances 
from which it was the obje6i of the operation to feparate them. 
If ibefe reflections. Sir, are well groundedi do they not give 
us hopes, and perhaps (Imw the poflibiiity, of defcending from 
the integrant particles to the condiluent particles ? I'his fc*^ 
cond refearcb is of the fame nature as the hrd. It is more 
than probable that the condituenl particles themfelves are di- 
vtfible, having no determined figure, but are aggregations, 
fubjcd to the fame laws as the integrant particles. TheobjeCl 
of the natural tpbi^ofopber is not to difeover the forms of the 
ultimate particles, but to determine their refpeflive pofitions; 
which, iV ever they could be determined in the integrant par^* 
tides aid their component parts, the grand problem ofrshemi- 
cal affinities would be fully folved ; and fliould fuch ever be 
the cafe, to the AbbC Hally’s theory would be due the merit* 
The Encifclopmdia Britumiica, under the article Chemifiry^ in 
the Supplement, p. 396, fays: 

** This theory, to fay no ropre of it, is, in point of inge¬ 
nuity, mferior to few; and the matbematical ikill and induilry 
of its author are entitled to the greated applaufe. 


But 
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^ But what we confider as the mofl imporlant part of ttlatl-aws of tha 
pbilofopher’s Jaho^ra, is the ipethod which they point oOt ^^ciyftsh^aad 
difcovering the figure of the integrant particles oF cryOuI^ . 

becaufe it may pave the way for calculating the affinities 
bodies, which is certainly by far the moil important part of 
chemiflry. This part of the fubjefi^ therefore^ deferves to 
be invedigated with the greateft carc/^ 

But 1 return to the point whence this digreflion carried me, 
to the vacuities left between the integrant particles in the con^*. 

AruQion of a primitive form. The Abb^ confiders them at 
filled either by the water of cryflallization or by fome.other 
fubfiance. It is not an admiffible fuppofition that tliis other 
fubfiance is compofed of the ra;^e elements as the integrant 
particles, but in different proportions? At jeafi, fuch is the 
conclufion I fliould be tempted to draw after reading Berthol^ 
let's excellent Kefearches on Affinities. 

I fiiall now proceed to (he laws of formation in fecondary 
cryfials. It Ts eafy to deduce them from thefe two fads: viz, 

1 fl. That the tides of the fecondary cryfials are planes; 2dly» 

That they divide by fmoolh fedions parallel to the fides of 
their primitive form. 

Let us take a rhomboid of carbonate of lime for example. 

If on one of the fides of the rhomboid I wlibed to raife a 
pyramid. I fiiould lay laminm of rbomboidal particles upon 
each other. Thefe laminae would decreafe in furface until 
the lafi is reduced to a fingle rhomboid. Thus the fecond 
lamina contains fewer particles than the firfi, the third fewer 
than the fecond« and fo on. As the faces of thefe pyramids 
are always to be planes, the fucceffive decii|pients of the la« 
mins muft be equal; liiat is to fay, the fpcond lamina is lefs 
by one range in every diredion than the* firl^, and tiie third 
than the fecond, &c« If the decrement is more rapid s that 
is to^layi if two or three ranges are fubtraded in the fecond 
lamina, the fome number will be fubtraded from the third, 
and fo on fucceflively till (jfie pyramid is completed. As the 
fedions are to be fmooth, the joints mufl form one continued 
plane; therefore the ranges and even the particles at the 
joints mull not encroach ou each other: hence it follows that 
the nufflifT of ranga JkcceJlv^JUbtra^d fi^om each lamina can 
never be incofomenJUrabk ; that is to (ay, the decrement may 
te 1| 2, S, 4, &c.; but never &a. 

Vot. IX.— October, 1804. G 
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Thefe are the decrements parallel to the edges, or, sf the 
AbM calls them, /ferrcme/ita on the edges. But they may 
take place in a parallel with the diagonal of the faces of the 
primitive; they are then called decrements on the angles^ be* 
caufe the diagonals are drawn from one angle to the oppofite 
angle. This fecond fpecies of decrement follows the fame 
laws as the firft. 

• There is a third fpecies, called by our author intermedia^ 
decrements. In this cafe they are neither parallel to the edges 
nor to the diagonals of the faces, but to intermediate lines, 
which if prolonged would interfe^l both the edges and dia* 
gonals, but otherwife they follow the fame laws as the two 
firft. It is a general law, theretbre, that in all cafes the laminae 
degreajb in arithmetical progreffion^ and its ratio or the nuinbtr 
qf ranges Jhbira&ed is always com7ne7}furahle. 

The particles of which the laminae are compofed are to be 
confidered as parallelopipedons; not that (he integrant par¬ 
ticles always have this figure; but if they have it notf they 
niuft leave vacuities between them, and each vacuity being 
added to its correrponding particle, will complete the paral- 
lelopipedon. If this was not tlie cafe, the faces of the fecond- 
ary cryftals would not be planes, nor could they be fplit 
fnioothly in any dire£iion. Thefe little parallelopipedons 
which compofe the fubtradlcd ranges are what 1 called above, 
after our author, fubtradiveparticles, 

I fuppofed the conftru^lion of the fecondary form only to 
lake place on one of the faces of the rhomboid; but what was 
(aid relative to that face is applicable to all the others. It is 
alfo to be remarked that different laws of decrement may affed 
the different face%; even further, different laws may fuccef* 
lively affe6l the fame face. Hence a diverlity of forms arife 
fcarcely credible to a perfon unacquainted with the doflrine of 
combinations. The Abb^ Hally has calculated, " tha^ con- 
^fining one’s-felf to decrements by 1, 2, 3, or 4 ranges, and 
not taking intermediate or mix! decrements into account, the 
rhomboid is capable of 8,324,604 varieties of cryflalline forms. 
It is an important remark, that whatever may be the variety 
of form, the forms (in complete cryftals) will always be fym- 
metrical. There are two forts of fyrametry, the perfedt and 
imperfedl. In the perfea, the right is fymmetrical with the 
left, and the top with the bottom; but in the imperfea, thfe 

top 


THEORIES or CRYSTALLOORArHT. §3 

top 18 not fymmetrical ivith the bottom. This latter fpecies of I-«ws of the 
fymmetry appears, by general obfervation, to be exclufit'ely 
appropriated to crytlals that become eleflrical by heat; that theory ch«nG« 
is to fay, which being expofed to the heat of the fire, ©r 
plunged into hot water, acquire the eleftric power. Thefe 
cryilals, the tourmaline, for example, acquire a pofitive elec¬ 
tricity on one tide, while on the fide diametrically oppolite 
(heir elefiricity becomes negative; and all obfervations hi¬ 
therto made give us reafon to conclude that thefe fides are 
never lymmetrical, and are always produced by difierent or 
fewer laws of decrement. '* Hence," fays the Abb^, “ by 
mere infpeflion it is eafy to point out which is the fide that 
will give the pofitive and which the negative eledricily." 

(Vol. i. p. 237.) 

The afioiuiliing variety in the cryflatline forms leads us 
naturally to atk, What can be the caufe of this variety ? This 
quefiion has not been treated by the Abb6: allow me. Sir, 
to fubmit a fSw ideas on the fubjeft for the opinion of mathe¬ 
maticians. 

Firfi caufes, I repeat, arc not the object of this difcutfion. 

I fiate the quefiion thus: Why does the fame fubje£l cryfial- 
lize in fuch a variety of forms, always fymmetrical and always 
terminatetl by planes? ' 

Tiie folution of this quefiion Teems to require three condi-* 
tions: 1(1, That the particles of the fubfiance diflfolved in the 
fluid all leave the fiate of refi at the fame infiant, to form the 
cryftal by their aggregation : 2dly, That, while thefe particles 
are in the a^of drawing near to each other, no foreign power 
fhall imprint on them any other motion than a common motion, 
whether it be in a firaight line, or rotary round their common 
centre of gravity : 3dly, That the particles all arrive at the 
fiate of refi at the fame infiant, which takes place«when the 
a£l o^cryfiallization is finifiied. The fecoiid condition is ne« 
cefTary, and infers the firfi and third* The natural confe- 
quence of thefe conditions will be, that the aggregation of the* 
particles will only take place conformably to a law afiing 
equally on all of them, whatever may be the law, 

Since they all leave the fiate of refi at the fame infiant, they 
are in equilibrio previous to that infiant. Since they all arrive 
at the, fiate of reft at the fame infiant, they are in equilibrio 
after that infiant: but when particles that are aAed upon by 
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no other force than that which they exercife on each ftfatf, 
are in equilibrio, they are in the cloreft poffible union that 
' concomitant circumltances will permit. If the particles were 
in equtlibrio previous to their leaving the Aate of red, fome- 
thing muA have obAru£led their approach. Let us fuppofe 
that Jbmeihing to be the interpoAtion of another fubAance, and 
that fo long as the interpofition remains equilibrium is mainp 
(ained. But this can only be the cafe, in as much as the whole 
of the particles of the interpofed fubAance are in equtlibrio 
with {he whole of the particles diflblved and about to leave the 
Aate of reAf which in the future I Aiall call the proper particks. 
If by any caufe which a£ls uniformly on the whole furface of 
diflblving Auid any of the interpofed particles are fub- 
tra^ed^ the proper particles muA ceafe to be in equilibrio* A 
Aep toward aggregation will immediately take place, and the 
equilibrium will be reAored. A further fubtra6tion will pro* 
duce a further Aep toward aggregation, and a confequent 
equilibrium; and thefe operations will be repeated fo long as 
the caufe of fubtradion continues, and the longer its duration 
the larger will be the refuItingrCryAallJne mafs. If the above 
mode of reafoning be admitted, it will fudice to apply the 
laws of equilibrium to deduce the laws of cryAalline forms. 
The laws of equilibrium to which I allude, are thofe of the 
equilibrium of Auids, with certain modihcalions which Aiaii 
hereaAer be explained. According to thefe laws, that the 
preceding conditions may take place in the formation of a 
cryAal, it will be necefTary that they fake place in the forma¬ 
tion of each and every part of it, whatever may be the figure 
or the fmallnefs of thole parts. They mu A alfo take place in 
thofe laA cryAaU w{)ich contain the leaA poffible number of 
particles; and as thefe particles are in equilibrio, and in the 
greateA j^Aiblc Aate of proximity to each other which cir* 
cumAances will permit, it muA follow, to fulfil all thec*ondi- 
tiohs, that thefe particles form a fymmetrical polyEdron. This 
peculiar dtf^ofitlon of the cryAalline particles conAitiites the 
modification, to which I alluded, in the laws of the equili¬ 
brium of fluids; it being necelTary in this cafe fo take the num¬ 
ber of cryllalline particles into account, which is not (he cafe 
when treqUng of the particled of a fluid. In a fluid, the par- 
ticks Slid their reciprocal diAances are fuppofed infinitely 
fmall; but the cryAalline particles and their diAances to each 
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ofber tmifl be fuppofed finite* This material difierence MrillLawi of ih« 

Eocefrarily.cmile a difierence between the forms of their ^gre- 

gates* Thofe formed with the particles of a fluid will be theory tfieone 

ibounded by curved lines j the cryllalHne aggregatesj on 

contraryy will be terminated by flraight lines; and when thefe 

ifraight lines are not too fmall, the boundaries will be fenfljbly 

re£ti linear* 

To afeertain what the power is that holds the particles in 
the flate of refl» though not in clofe conta6t, is not the quef- 
tion; but the form of the po])edrons which they produce. 

The clofer adhefion of the particles to be obtained by the fub- 
tradlion of caloric, fufliciently demonflrates tliat the particles 
are not in clofe contadl with each other, and the conflancy of 
the cryflalline forms equally proves that they are in equilibrio. 

We will now proceed to (he conflrudiion of a cryfial with 
thefe cryflalline particles. That the conflancy of the*form in 
the large cryfial be preferved, the particles muft be in equi¬ 
librio. Tliaf the equilibrium be prefervedi the forces that fo- 
licit the particles to motion mufl mutually detlroy each other. 

That the mutual deflruflion of thofe forces be efleded, thefe 
forces after having been decompofed into other relatively pa¬ 
rallel to three axes perpendicular to each other, and having a 
common point of interfe£lion, mufl each meet in its direAion 
another force equal and diametrically oppofed to it. This will 
be obtained if the fimilar particles are arranged on flraight 
lines parallel two and tw'o at equal oppoflte diflances from the 
common centre, and bifefied by lines palling through that 
centre ; but if the particles are thus arranged, they mufl pro¬ 
duce fymmelrical folids bounded by planes; and they are thus 
arranged : for if a foreign force, an exce/s of caloric for ex- 
ample, does not impede the free arrangement of the particles 
in the formation of the cryflal, their exterior difpOlition will 
fblloy^ as much as polfible their interior arrangement; but their 
interior arrangement mufl be on flraight lines, or the cryflal 
would ceafe to be iiumogeneous; their exterior difpolition 
will therefore be on flraight lines. 

As the circumflances giving rife to tlie approach of the par¬ 
ticles may be in the highefl degree variable, it mufl follow 
that the forms produced may be diverfified in (he extreme. 

Such, Sir, is the anfwer I fliould fubmit for the folution of 
Ae queflion propofed. 
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When fpeaking of the approach of the proper particles, ^ 
faid that it might be occafioned by the fubtradion of certain 
interpofed particles which obftru£led the approach of the pro¬ 
per particles. The former are generally water, caloric, or 
any fluid elaliic or not. Their exit may perhaps make place 
for others, fuch light, eledlricity, &c. &c. But the eden* 
tial point is, that whatever thefe particles may be, they are 
in perfect equilibrio with the proper particles, otberwife they 
would become perturbing forces. Hence it follows, that not 
only the integrant particles of the cryftal, but all thofe that 
are mixed with them, the chemical or component particles 
and even the vacuities, mud follow the fame laws. It alto 
follows, (hat if each fpecies of particle (even the chemical) 
that enters into the formation of the cryfiai be feparately con- 
lidered, each fpecies will have its dillinft fymmetrical and 
pol)e^ltal form. The forms will penetrate each other, while 
the particles will not only not penetrate, but not even touch 
each other. Ail forms would Hand in the fam€ predicament 
as the regular o£laedron, which contains, as the Abb4 HaUy 
has demonftrated, fix regular o6iaedrbns and eight regular 
tetraedrons, each tetraeclron*containing one ofiaedron and 
four tetraedrons. It will further folloiv, if the chemical ele*- 
nients can be looked upon as particles which are not in con¬ 
tact with each other, that we may from thence maihematically 
determine chemical affinities. 

I have now. Sir, but one talk left; to fpeak of the appli¬ 
cation our author has made of algebra and geometry to cryf- 
tallography. Many perfons complain of the difficulty necef- 
farily refulting from it in the liudy of mineralogy; and dare 
not engage in it, uncertain whether they will find a Compen- 
ration for their trouble. Our author has therefore adopted a 
double plan, and begins by expofing his theory by a feries of 
reafonings and arguments which will fuffice to make the (Reader 
underhand it, or any difcoveries made in confequence of ir. 
He then expofes the theory in the moil correct of all languages 
—mathematical analyfis; by far the moft interefting, and the 
only means of making difcoveries one’s-felf; and who can be 
callous to (he pleafure of difeovering an unknown truth ? If 
the folution of a problem gives fo much falisfadlion, though 
the data be only imaginary, what muft be the lenfations of 
thufe who are happy enough to folve problems whofe data ar^ 
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fet b|r Uipt whom the greateA of pagan philorophers calls 
Eternal Geometrician f This recalls reflections to my 
which I cannot fupprefs. Converflng one day with the Abb6 theory thcaee 
Haily, he was taking a curfory view of all the modern 
verics; when he could not help remarking, that there was 
not one of them but what furntlhed victorious arms to the 
caule of religion. My anfwer was, that in future the name 
of God would be as diflinCtly written on a cryAal as It had 
hitherto been in the heavens. The obfervation of this moft 
religious and ingenious man reminds me of the faying of lord 
Bacon: A little philofophy eflranges us from religion, but 

a great deal reclaims us again.^’ Even d’Alembert could not 
help faying, An atheiA in.the CarteAan fyAem is a philo- 
fopher miAaken in the principles; but an atheiA in the New¬ 
tonian fyAem is fomclhing worfc, an inconfequent philoA>- 
plier.” 

But to return to the mathematical part of our author’s the¬ 
ory : the branch of mathematics, and the manner in which he 
treats it, are almoA new. The theory of polyedrons had been 
nearly negleCled by geometers, both on account of the diffi¬ 
culty to reprefent a polxedron^on a plane, and becaufe they 
did not feel the utility of the purfuit. Ncverthelefs, Arange 
to fay, all the regular figures that are to be found in one of 
the three kingdoms of nature are polyedrons. In this point of 
view, ll)e branch of mathematics illuArated by the AbbC be¬ 
comes very intereAing; and it is not a little fo, to fee with 
what ingenuity he extricates himfelf from the difficulties 
he meets with in his refearches. He forms all the polyedrons, 
however complicated, of little equal rhomboids or parallelo- 
pipedohs, and by that means he reduces ll^e theories of every 
poflibls poly iidron to that of the rhomboid*, wliich is extremely 
Amplified by two very Ample remarks: lA, That in all equi¬ 
lateral rhomboids, whatever may be the fpecies, their projec¬ 
tion on a plane perpendicular to their axes will always be a 
regular hexagon: 2dly, That the axes will always be trifeCled 
by perpendicular.s drawn from all the lateral folid angles. 

His theory has alfo led him to difoover in a variety of cryAals 
geometrical properties, which muA be highly gratifying to 
geometers. But the great advantage to be derived from it is, 
that it enables us with the feweA pofCble data to calculate 
<Uq cryAalline forms juA as aAronomers do the motions of the 

heavens* 
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heaVehs. Ay th^ very ttoeans by which the latter determine 
the future motions of the h^vens» the Abb^ decides ^tvliich 
forms are poffible and which are idipoflible. It is thus by his 
limple firtd general law of cryftallization, * the number of the 
ranges of the filbtradtivc particles mull always be a commen- 
iurable quantity/’ that he has demondrated the regular dode- 
e'a^drcn and the regular icofaSHron to be impoffible forms in 
roitiferalogy. As the immortal Newton, by having difeovered 
the law of attradion to be ** in the inverfe ratio of the fquares 
of the diflances,” explained and calculated every thing in the 
vad regions of the firmament; fo at the other extremity of the 
Creation the Abbe Hally, by means of a Angle law which he 
has difeovered, explains the irregularities and calculates thofe 
problematic formations with which the mineral kingdom had 
hitherto adonidied the natural philofuphcr. 

Laws, Sir, that refult from the dudy of naturej enjoy this 
inedimablc advantage, that they always lead to equations; and 
it is only by the help of equations (expreded or underdood) 


that quedions can be ftilved which relate to objects that can 
be either counted or meafured., 

or late, Sir, the word nature has been fo much abufed^ 
that I mud beg leave to date the precife fenfe in which I with 
to be underdood whenever I made life of that word in the 
Courfe of this letter. The Abbd Hady found it neceffary to 
take ft fimilar precaution at the beginning of the excellent 
Work (Traili de Phyjique) he has lately publilhed. He fays: 

This word Natvue# fo frequently in our mouths, can only 
be looked upon as an abridged expreffion, either for the refult 
of thofe laws which the Gueat Creator has imprinted on 
tbe univerfoi or for that aggregate of beings the works of his 
hands. Nature, thus view^ed in its true light, is no longer a 
fubje£t of cold and fterile fpeculation. The dudy of its pro- 
duiftibns, of its phoenomena, ceafes to be a mere exerorfe of 
the mind; it nibves the heart, and drengthens the moral v<r- 
tuea in man, by awakening in his mind fentiments of refpe^t 
^nd admiration at the fight of fo many wonders bearing the 
Vifible charaflers of infinite powder and wifdom/' 

'With thefe feniim^iits i 'tefnain, Sir, jour’s, 

A, Q. BUEE. 

July 13 , 1804 . 
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Ohfervationt on Mr. Gough’s StriQures on ike DoBrine^ 
Mixed Gajet, ifc. in a latter from Mr. J. Daltoh. 


To Mr. NICHOLSON. 


SIR, 


From the formidable manner in which Mr. Gough opens IntroduAioa. 
the campaign^ 1 might expeA him to bring a hoft of fa^$ 
and ar^um^ntts to !iis alfiflance; the faHst however, he pru¬ 
dently keeps in referve, and it is to be feared feveral of the 
urguinenis too, as thofe already drawn out are fcarcely of 
force fufficient to provoke refiltnncc. 

Mr. Gough's firrt argument is, that the fubjedl in difpute 
is more properly denominated hypnthefis than theory. This 
is certainly not worth contending about. 

Mr. Gougfi's next argument is, that the hypothelis is not 
mechanical; but as this cannot be made good, it feenis, 
without a geometrical difjuifitjon of length much exceeding 
an ordinary letter, the philofophical world are to wait till 
the (ame lhail appear in due courfe. I might therefore, for 
the prefen t, wave any remarks on this head, as a long and 
equally abftrufe defence might be expedted. But as I think Whether tlie 
geometry has nothing to do in the bulinefs, and that all that Mechanical*** 
can be faid e/refluaily, either for or againll the hypothefis, 
being confiftent w'ith mechanical principles, may be com¬ 
prized in one Hiort paragraph, 1 fhall difeufs the argument 
liere. 

Oxigen repels oxigen, but not azote,:* This is a poflula- Poilulate. The 
turn; and being admitted, it follows, that if a meafure of v 
oxigon be |>ut to one or azote, the oxigen finding it porous, but not thofe of 
limit antcr the pores> and vice verfa, till the two gafes feve- other gales, 
rally making their way into the interftices of the other, at 
laft obtain a |>erfecl equilibrium, and then prefs with equal 
force on all the furrounding bodies, and no longer prefs on 
each other. Tliis is fo plain and obvious an inference, and 
fo little involves any mechanical conlideration, that 1 thould 
have juAIy incurred blame for infuUing my readers with the 
appearance of mathematical demonilration in the cafe, Aa 
might 1 have attempted, irom the elements of Euclid, 

to 
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to demonflrate lo a cottager, that if he put a iieve over hU 
chimney the fmoke would ftill efcape, though interruptedly; 
or to a cheniift, that if he drilled holes in an exhaufted re¬ 
ceiver, it would in time be completely filled with air. 
Orttheaftionof Mr. Gough next remarks upon my opinion, that the at- 

mofphere of aqueous vapour is fufficient to prevent the ocean 
from efcaping into the air, which he feams to think wonder¬ 
ful ; Upon this I may remind him of another wonderful fafl, 
which I confider the fame in effect; that is, the prefTure of 
like vapour on a cup of water in an exhaufted receiver, pre¬ 
vents the water from efcaping out of the cup. When Mr. 
Gough fiiall explain how this fadl is to be accounted for, 1 
may avail myfelf of his explanation to apply to the other. 
He proceeds, however, to demonftrate the impoffibility of 
an aqueous atmofphere; but inftead of that, he domonftrates 
the mpqffibilil^ of an atmojphere of any kind prejjing on ivatcrt 
without at the fame time forcing the water up into porca^ 
Luckily, as Mr. Gough obferves, the fafls do* not counte¬ 
nance the conclufion ; and therefore, however rigid the de- 
monftralion, it (hews that the previous data are not corre£t]y 
aflumed. The confideration of this fubjed is, notwithftand- 
ing, an important one ; it is more than a year fince I urged 
Mr. Gough Ip p^y attention to it, ^nd to attempt a folution 
of the dilKculty .which perplexes all theories of the atmo¬ 
fphere alike : 1 did it the rather, bccaufe I thought him well 
qualified for a fubjefl of this nature, where the aid of ma¬ 
thematical fcience muft be of fubfervience. The fubje£l 
has never been at all explained that 1 know of. 1 have 
made an attempt which has not yet been publifhcd, except 
in a ledture laft pvinter ; but I (hall ftill be glad to avail my- 
More partlcubr felf of any alfiftance I can obtain. Suppofing that in the 
ftatementof thejQ^gfl ftfatum of an atmofphere incumbent on water, there 
lion.* ^ particle of gas for one hundred of water, {whic|j may 

be the cafe, confidering their relative denfilies as one to a 
thoufand) ; query. How does the air dlfiiife its prefllire over 
all the hundred particles equally, in fuch fort that no co¬ 


lumn of particles of water is forced up into the interftices of 
the atmofphere by the inequality of the prefliire ? If Mr. 
Gough will explain this, either for his new theory or for 
any other, I will engage to remove all difficulty on tliis 
head which attaches to my hypolhefis. * 
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Mr. Gough next wants a rigorous proof of the propofition^ Impedlmfl&ts af* 
that*one gas aifordt an impediment to the motion of anotherj 
but that two fucH fluids Hnally overcome their mutual ob-of soother* 
ftruflionsi and occupy the fame fpace in a flate of perfed 
independence. No ot^ acquainted with the experimental 
part of pneumatic chemiflry would have required proofs of 
fuch fads, becaufe he daily experiences them. Take two 
phials filled with different gafes; apply the mouth of one to 
that of the other for a few moments; upon withdrawing it, 
the two phials will be found to have interchanged very little 
of their conlenis. This is a mod unqucflionable proof that 
gafes afford impediment to each other’s motion ; for, into a 
perfed vacuum the air ruflies inflantaneoufly. Again, let 
the phials remain in connedion for a few minutes, or at 
niofl, hours, and they will be found to have both gafes in 
the fame proportion; and this tlaie wi!l continue in perpe¬ 
tuity afterwards. That they are ultimately independent on 
each other, iS fuflficiently marked by the circumflance, that 
any fubflance having an affinity for one of them will with¬ 
draw it from the mixture, if it^^will take it alone. 

Mr. Gough proceeds to give a neiv theort^ qf inixed gafen : Mr. Gou^h'i 
At the commencement of this controverfy he came forth tp theory of 
defefid the all-fuihciency of the old dodrine of the chemical ***'** 
union of water and air, and the homogenity of the atmo- 
fphere, and to uiUick the new doL'ilrine, which proferibes 
chemical union in thefe inflances, and places for its funda¬ 
mental and diflinguifhing maxim, that ** mixed gafes nei¬ 
ther attrad nor repel one another It was therefore with 
no fniall furprife that 1 found, upon his advances, that a 
new theory was Hill requifite; but this furpsif|; became a(lo- 
niffiinent, when I found the preamble admitted Uieexiflence 
of certain, “ gafes that neither attrad nor repel eacli other.” 

The o^y dear information I could obtain from this fudden 
revolution w^as, that Mr. Gough ufes the terms//rcory and 
h^pothiji^ in a contrary fenfe to what philofopheis in general 
do. When I brought my hypothefts (as he calls it) forward, 
it was fupported by an extenflve train of fads, the refult of 
long and careful invefllgation, none of which, that I know 
of, has lince been controverted; I mean what Mr. Gough 
alludes to as a number of probabilities of an experimental 
nature:” Whereas Mr. Gough's theory is.propofed without 
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a' fingic to corroborate it, merely to try how fer it may 
be found tb agree with fa^s already known. Leaving Mr, 
Gough to develope his theory, which I confefs I do not 
comprehend, and therefore cannot follow him in the appli¬ 
cation, I proceed to his concluding remarks on the law of 
affinity, which connects water with the different gafes. 

Water fufpended Sauffiire, to whom Mr. Gough refers, in the ninth chapter 
^ alffiafca ^ fecond ellay inftru^s us, that the folvtnt powers of 

common air, carbonic acid, and hydrogen, are the fame us 
far as his experience go^s. The refults of Kirwan^s expe¬ 
riments I am unacquainted with. Clement and Deforme, 
in the forty-fecond volume of the Annalesde Chimieiot 1802, 
bare clearly fliewn, that all gafes lake up the fame quan¬ 
tities of water, alcohol, and ether, in like circumftanGes ; 
and I think 1 have Oiewn, thatthefe quantities are precifely 
the fame as a torricelliain vacuum of the fame capacity takes 
up; So that unlcfs Mi’, Gough can hold out fome further 
encouragement to the refumption of the enquiry, it feems 
hardly likely that any one will undertake to invefligatc the 
diverfitics in the law of affinity between gafes and water, 
when lliere docs not appear a dngle fad that points out any 
affinity at all in the cafe. 

I am your’s, &c. 


Manckejier, Sept, 8, 1804. 


J. DALTON. 



Account of the^Striking Part of an Eight~Dap Clocks By Mr, 
John Prior, of Neffield^ YorkJhire„ Communicated to 
the Society of Arts, * 


To CHARLES TAYLOR. 

SIR, 


New ftriking 
part of a clock* 


1 HAVE taken the liberty of fending to you a new ftriking- 
part for an eight-day clock, of my own invention and work- 
nianfhip, winch I finiflied laft April; * * * ^^ * *, I beg 


• Extraded from their Tranfafllons, 180:5. A reward of thirty 
guineas was given by the Society, wlm have a model of the fame* 

leava 
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to inform the Society of fome of the advantages New ftriklnj 
arifmg from this new invention. part of * alodsp 

Firft, it confifts in awheel and fly, with fix turns of t 
ffiiral line, cut upon the wheel, for the purpofe of counting 
the hours. The pins below this fpiral elevate the hammer, 
and thofe above are for the ufe of the detent. 

This fingle wheel ferves the purpofe of.count wheel, pin 
wheel, detent wheel, and the fly wheel, and has fix revo* 
lutions in firiking the twelve hours. 

Permit me to fuppofe a train of wheels and pinions, nfed 
in other ftriking parts, to be made without error, sind that 
the wheels and pinions would turn each other without (bake 
or play. Allowing the above fuppofition to be true,- which 
every mechanic knows it is not, my firiking part will be 
found fix times fuperior to others, in firiking the hours 
I, 2, ,5, 7, 10, 11, and twelve times, in firiking 4, 6, 8, 
and eighteen i^mes, in fiiiking 8, 9, and 12. 

I have defignedly made a defed in the model herewith 
fent, in ftriking 2 and 3 o’clock, to ftiew that what 1 have 
now advanced will, upon the trial, be found to be true. 

• In firiking 2, 1 liave purpofely made an iinperfefiion, 
equal to the fpace of three teeth of tlie wheel; and, in 
firiking 3, an imperfection of nine or ten teeth; and yet 
both thefe hours are ftruck perfectly correct. 

The flys in clocks turn round, at a mean, about fixty times 
for every knock of the hammer, but mine turns round only 
three times for the fame purpofe; and fuppofe the pivots 
were of equal diameters, the influence of oil on them would 
be as the number of revolutions in each, * 

It would be better for clocks if they gBve?*no warning at 
all, but the fnail-piece to raife a weight foniewhsut fimtlar 
to the model now fent for the infpe^lion of your refpedable 
Society*. 

R^crence to Mr, Priok’s Striking Part qf his Clock, 

Plate VI. Fig. 1. 

A. The large wheel, on the face of w'hich are funk or cut 
the fix turns of a fpiral. 

B. The fingle worm ferew, which acis on the above whedj 
and moves the fly C. 

* fee Cummings's Elements. 

• D. 
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Mew ftriking D. The fpiral work of the wheel A. The black fpots 
part of actook. grooves into which the detenU drop, on Ariking 

the hour. 

E. The groove into which the locking piece F drops, 
when it ftrikes one. and from which place it proceeds to 
the outward parts of the fpiral in the progreflive hours, be-» 
ing thrown out by a lifting-piece H, at each hour; the 
upper detent G being pumped oiT with the locking-piece ¥, 
from the pins in the wheel A. 

In flriking the hour of twelve, the locking-piece, having 
arrived at the outer fpiral at H, rifes up an inclined plane, 
and drops by its own weight to the inner circle, in which 
the hour one is to be flruck, and proceeds on in a progreflive 
motion through the diflferent bmirs till it comes again to 
twelve, 

I. The hammer-work made in the common way, which 
is worked by thirteen pins, on the face of the^ fpiral. 

Fig, 2. —K. The thirteen pins on the face of the fpiral, 
which work the hammer-work. 

L. The outer pins, whick lock the detent. 

M. The pump-fpring to.the detent. 


VI. 


On the Cf]fi of making Phojpftorus, In a Letter from J. P. 


To Mr. NICHOLSON. 


SIR, 


, Brijlol, September J804. 

({aVJNG lately been led to confider the various procefles 
by which phofphorus might be obtained, with a view to deter¬ 
mine the mofl eligible, 1 thought that a very (hort li.etch of 
what had occurred to me on the fubje£l, might be not im¬ 
properly introduced in a fpare corner of your Journal; if you 
fliould be of that opinion, the contents of the following pages * 
are much at your fervice, from a very rerpe6lful admirer of 
your unremitting exertions in the caufe of Science and Philo* 
fopby. 

j.p* 

c 

l.In 
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1 . Jn Ihe ufual method of procuring phofphoru* from bone* 

dufl> and fulphuric acid, the value of the ingredients is very ttinin^phofpho- 
final!, the labour of the procefs, with the fuel employed for ru« from bones, 
the evaporation and di/lillation form the principal confideration 
jn eftlinating the value of the produdt. 

One pound of bones calcined and pulverized with half a 
pound of fulphuric acid, will produce, according to Fbiircroy, 
about three quarters of an ounce of phofphorus; if the labour 
and fuel be edimated at two fliillings, and it cannot be pro¬ 
bably much lefs, the phofphorus would then coft the manufac¬ 
turer about three (hillings an ounce. 

2. If to the acid folution obtained by (he above method be The additional 
added 1 Jib. of acelite of lead, value three (hillings, thephof- 

phate ot lime will be decompofed, and two ounces of phof- acevite of lead, 
phorus (lioulfl be produced from the precipitate, ('c/r/c Pour- 
croy.) This appears then to be an improvement, fince 1 Joz. 
of phofphorus procured for three (hillings. But perhaps the 
followinipprocefs may be preferable to either. 

3. To one pound of pliofphate of fuda, value two (lullings The procefi of 
and fix-pence, add l^lb. of acedte of lead, value three fliil- «*ccompoiing 
lings; above one pound of phosphate of lead will be immedi- by acn! 

ately precipitated, and about one pound of acetite of foda may phofpho- 

beeafily obtained by evaporation. If this (hould be valued at"^*** ***** P«o»* 

two fliillings and fix-pence, the original coll of the ingredients 

will be reduced to three fliillings, add one fliilling for fuel and 

labour, and two ounces of phofphorus will be procured for 

four fliillings. It is needlefs to remark the great fuperiority of 

the lad method in point of facility, neatnefs and fimplicicy. 


VII. 

On the Burification qf Water by Filtration ; with the Defeription 
qf a fimple and cheap Apparatus, Jn a Jitter fitm Sir 
Henry C. Engleficld, Bart, F, R, 


To Mr. NICHOLSON. 


SIR, 


I CANNOT but think the filtering machine of Profellbr on P. Par. 
Parrott, publiflied in your Ia(l Journal, a very inconvenient 
form of a very common inllrument; but as the filtration of the 

* water 
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water with which the metropolis is fupplied contributes giattc- 
rially to the health and comfort of thofe who ufe it, and in fa6t 
renders it purer than almofi any known fpring water, a very 
cheap and commodious apparatus for the purpofe may be con- 
fidered as an objefl of genera! utility. I therefore fend you a 
fedion of a machine which I conrtrufled feveral years fince, 
and whicli any common carpenter can make for a very few 
fliillings, which may be thoroughly cleanfed at any time, and 
which occupies very little room. 

you have already honoured feveral of my fhort eflays, 
publifhed in other coIle£tions, with infertion in your Journal, 
you will, 1 trufi, not be difpleafed that we Qiould become im¬ 
mediate correfpondenU. 

I am. Sir, 

Your obedient Servant, 

H. C. ENGLEFIELD. 

2\ S. I will not anfwer for it that the machine l^fend you 
has not been already introduced into ufe. If It has, you wilt 
of courfe fupprefs my letter j but if it has, ProfelTor Parrot's 
nitre is quite nugatory. 

AffamFement A moft excellent arrangement for the purification of river 
for purifjring water On a large fcale is mentioned in the writings of De Luc 
7c^l SaulTure, but I cannot turn to (he palTage in their work-;. 

It W'as applied with complete fuccefs by the inventor, to the 
Hream which fupplied a large town in Switzerland. The ma¬ 
chine (if it may be focaiied) was as follows; 

A is the upper furface of the Aream to be purified, B (he 
bottom. AciAern isfunkof Ax or feven feet in depth, and of 
a proper breadth,, divided by parallel partitions, alternately 
fifing above the furface level of the Aream and open at the bot¬ 
tom, and level with the bed of the river, and clofed at tiic 
bottom. It is obvious that the courfe of the water ro^ be in 
the direction of the arrows, and in this repeated and flow af- 
cent and defcenl, all floating impurities will be leA at the top, 
and the heavier mixtures will fubfidc, The ciAern may bo- 
eafily cleanfed, eidier by taking out the partitions, if it is on a 
fmall fcale, or by fending perfons down between the walls, if 
it is built permanently for a great Aream. Perhaps, indeed, 

'. a box having the partitions filled half the way up with fand or 
gravel, may on this plan be the beft of all filtfes for domeAip 
ufe, ' % 

De/cription 
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befcription qf the FilUring Apparatus^ Plate V. Pig^ 1 • 

Ah The exterior tube, two feet high and (ix inches fquare filtering appa- 
will.it,. ”*“* 

C D The interior tube, four Inches fquare at the top and 
three inches at the bottom. It reaches within al)out three 
inches of the bottom of the exterior tube, and is covered at 
the bottom with a coarfe linen tied round it. The ufe of this 
is to prevent the weight of the water from diflurbing the fand* 

The upper end of this tube is formed into a funnel, for the 
convenience of filling it with water, and it rells on the outer 
tube. E a fpout for the exit of the filtered water. 

Both tubes are filled with clean wathed fand up to the doN 
ted line jufl below the fpout. A bag for Hopping the coarfer 
impurities may be adapted to the funnel. If this machine be 
placed under the cock of any common water cittern, which is 
opened juH enough tofupply the funnel without running over, 
it will require no attendance, and will very feldom want clean^* 
ing. It is ub*vToQs that every part of the machine, v^ hen the 
two tubes are taken afunder is viiible to flie eye, and eafily 
reached by the hand. The ^nd, when wathed, will lerve 
many times. 

If inftead of a funnel, a larger refervoir of water at the lop 
is ufed, which may fonietiiiies be convenient, it will be bell 
to fill the upper part of the inner tube for a few inches with 
clean fmall pebbles, as the pouring in water diHurbs the uppet 
furface of the fand. 


It may be made either of wood or tin, but not of lead, for 
fear of impregnation. It is alfo evident that the rapidity of 
adion of the filtre will be in a great degree regulated by the 
difference of level between the fpout and, the furface of the 
water in the funnel, and by fupplying the Kinnel with a greater 
or leffer Hream, the machine may be made to aft quick or 
as flc;^ as is wifiied. 

As the water which fupplies the metropolis is often tainted Whether chit* 
with vegetable or animal fubfiances putrified in it, it might be 
well worth while to try whether filling the inner tube with a filtering appt« 
powdered charcoal might not tend to free the water filtred f®*" water* 
through it from the difagreeablc tafte andfinell communicated 
by the ceufes above-mentioned* It will alfo be advantageous 
to place the receiving veflel at Tome didance below the fpout, 
that the llream may fall through as much air as it conveniently 
• can, 

VoL. IX.—October^ 1804. H Ejp€rimefU$ 
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VIII. 


Experiment! of 
hcfttf modified 
by compreffiofl. 


Dr. Hutton's 

wm^unds* na^** all mineral fubflances chiefly to fire, 

rurally produced But^ according to himj the influence of this element has been 

very much modified by compreflion, occafioned by the weight 
and flrength of a vaft fuperincumbent mafs, which thenprelTed 
upon what is now the furface of our globe. In this manner 
he has anticipated the natural ^bje6tion to all igneous theories 
which mull arife from a comparifon of various mineral fub- 
ilances with the products of fire in our furnaces; for he con^ 
ceives that prelTure by reprelfing volatility would occafion the 
prefence^ in high temperatures, of many fubflances which 
efcape in our fires, on a flight application of heat; and that 
thefe by their chemical relations would give rife to a flate of 
things untried in any experiments hitherto publiflied, but fucb 
as to afford a fatisf’adory explanation of all the natural pheno¬ 
mena upon his hypothefis, even of thofe which are the mofl 
incompatible with the common afiiion of fire. 

The t\yo fundamental pqfiuUta required in this theory, 
namely, the a£lionof heat, and the pretence of a fuperincum- 
bentmafs are certainly allowable; flnce the volcanos fbrnifli 
us with a proof that internal fire does ad occafionally and in 
the irregular manner which this fyflem requires; and fincethe 
frj^mented and perturbed flate of our flrata enables us to fay 
with certainty that great changes have taken place, that enor¬ 
mous mafles have been removed, and that what was once 
placed at a great depth is now highly elevated. 

But a third pojlulatum is Involved in this theoryi which Teems 
to be of more difficult admiffion. Granting that heat did ad 

on* 


in tnis way. 


The fads are 
that heat has fo 
adeS in our 
globe; but the 
efiTeds have aot 
been fiiewn by 
experiment. 


Experiments m the EffeBs of Heat modified by Comprcffion, by 
SiA James Hall, BarU Readin the Royal Society of Edin^ 
burg/i, Augufi 30, IS04. Communicated by tlte Author^ 

1 BEG leave to announce to this Society the refult of a feries 
of experiments which have occupied my attention almofl ex- 
cluflvely during feveral years. Thefe experiments relate to 
the effeds of beat modified by compreifion, and are intended 
to invefligate the peculiar and charaderiflic principle of the 
Hutfonian theory. 

Dr. Hutton, in common with many former Eeolosrifls. has 
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on fj{bllancescon(lrained by preflure, would its aSion be mo* 
dified? Would that modification be fuch as is aflamed in the 
Hutlonian theory? 

To thefe' quefilons Dr. Hutton has replied by arguments Dr. has en« 
founded on general analogy; and has reded the proof of hishy- 
pothefis on its agreement with the phenomena of nature. In from ge* 
that refpedlfew philofophicai theories have been fo fortunate; 
for its untverfal application to every department of the mineral 
kingdom, and its folution of all the difficulties^ afford a con¬ 
currence of probabilities in its favour which prefs on the mind 
with almod irreliffibkconvidion. Still it muA be owned that 
the bafis of the fyffem is hypothetical; and a with has been ex* 
preflfed by every man of fcience who has attended to the fub- 
je£l, that this bafis (liould be fubmitled to the led of experi¬ 
ment. 

My objeft has been to accompllfti that end, and to bring*®*^®*‘'f* 
this great quedion to znexpmmentum crucu* By placing fub- experimtnt. 
dances in the^pr^icament affigned to them in the Huttonian 
theory, I have endeavoured to imitate the fuppofed procefs of 
nature. In this attempt I hav^ met with great and numerous 
difficulties, but 1 have at lad fucceeded beyond ray original 
expe^ation, and have obtained refults, which, if 1 am not 
greatly deceived, edabliih as a law of chexnidry the mod pa-> 
radoxical of Dr. Hutton's pofitions. 

My experiments fliew, that when pounded carbonate of ^**‘1”“*®* 
lime, produced by the trituration of chalk, of marble, of the (^ 22 ^^'wedg^ 
(hell of a fi(h, or of calcareous fpar, after being rammed into wood) in ftrong 
a fmall tube of porcelain, is expofed in veflels of fufficient 
drength and tightnefs to the heat of 21 or 22 of Wedgwood's ftons. 
pyrometer (that is to the heat In whicfvpure filver melts,*] 

the 

I take this opportunity of mentioning that a very material er¬ 
ror fflunis to prevail with refpefl to this point of the pyrometrical 
icsle. The error is the more formidable that it has been introduced 
and fan&ioned by the highed authority poffible in fuch a cafe; 1 
mean that of Mr. Wedgwood himfelF. In his account of the 
pyrometer he gives a table, expreffing the effefis produced at va¬ 
rious points of temperature, and dates 2d as the melting heat of 
filver. Now it confills with my knowledge that pure filver melts at 
22. 1 learned the fa£l from Dr. Kennedy, and 1 have had occafion 
to confirm the truth of it in numberlefs trials, 

* H3 Tbif 
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lion of the 
chalk. 


the carbonate ftifinki upon ilfelf and agglutinates into ai fitxri 
mafs which in point of hardnefs and fpecific gravity ap¬ 
proaches very near to common lime-none, and fometimes equals 
it, and which has frequently acquired the fparkling fraflure, 
the fecni-tranfparencyy the fufceptibility of poliAi, and the 
general afpeft of marble. The fame refult is obtained when 
a foltd piece of chalk is treated in a (imilar manner, and the 
Oreat contrac- chalk being previoufly meafured in Wedgwood's gage, is 

found to contrad during the action of heat three times more 
than the pyrometer pieces do in the fame temperature. During 
the a6lion of heat, the carbonate is found to have lott very lit* 
tie of its weight; that lofs amounting in many cafes to lefs 
than one per cent, and in fome experiments it has undergone 
no fenfible lofs at all, or fo very fmall a one^ that it may be 
neglcAed without fear of error. When thrown into an acid, 
this artificial limefione efiervefces violently as it diflblves, the 
difchatge of gas continuing whilil the fmallen^^tom of carbo¬ 
nate remains vifible. 

Jmperfeafufioit I have been in poflelEon of this fa3 fince the year 1801, and 
of cht chalk, j Jong attempted in vain to capry the experiment farther, fo as 

to accomplith the fufion of the carbonate. In one folitaryand 
accidental infiance, I had fuccecded in obtaining it in a fiate 
of real froth, which could not have been produced without 
previous liqiiefaftion; but being unable to repeat this refult, 1 
was unwilling la publiih it or any of the fa£ls already Dated, 
till I could do fo in a more fatisfaClory manner. In thecouric 
of laft winter, with the help of many improvements in my 
mode of operation, and of ftronger apparatus, I at laft ac¬ 
quired the power of performing repeatedly and eyen with 
tolerable cerLaiitl)*,. what at firfi had t)een the efiefl of chance. 
A5ual fufion. In thcfc experiments carbonate of lime has not only been ag- 


This obfervation relates to the pyrometer pieces fold by Jate 
Mr. Wedgwood, which weie formed of a mixture of alumine 
with CorniAi poicelaiii clay. This let having been the only one 
ever difiribiued amongfi chemifis, mufi certainly be looked upon as 
the fiandard. Other Jets had previonfiy been made by him of 
Cornilh clay alone, which had never been fent abroad, or at kaft 
only given to Ibrne friends. It is poJllble that tlie difcordance al¬ 
luded to in this note, may have been occafioned by experiments 
made with thofe firfi fete, which may hare pofiefled different pro¬ 
perties from tliofe afterwards fold. ^ 


glutinated^ 


EFFECTS OF HEAT. 


101 


^luUnated, buta£^ually fufed; the fubftance finking upon itfelf 
with a round and glolTy furface, and exhibiting every proof of 
a fluidity^ fimtlar to that of melting fealing wax. In 
general (he fuiton has been accompanied with a (light ebulli¬ 
tion, which bus fometimea changed the mafsto a kind of froth, 
and fometiines ha<i merely produced fame (callered air bubbles. 

The whole externally and in its fraflure ftiines much; this 
fliine, ardtng in feme cafes from numberlefs facettes of cryfial- 
lization, and in others from a fmooth and continued glofs, like 
that of glafs. In many fpecimens (he cryftallization of newly Sparry cryftals 
formed Ipar is diflin£lly vifible; the cryflalline mafs confiding 
of parallel plates, which reflefi together with one glofs. Some 
of thefe are difcernible by the naked eye, though in general to 
fee them well we require the help qf a lens. As foon as the 
carbonate becomes foft, it begins to a6t powerfully on the tube 
of porcelain (generally formed of pure Cornifh clay) in which 
it is confined; iJi^^oinpound fiiewing itfelf to be much more AiSion of the 
fufible than the pure carbonate. It penetrates the ininuteft 
crevices, and fpreads along tlie cup to a confidefable didance 
|rom the point of conta3 betweAi the carbonate and (he tube; 
its termination being marked by a black line, the caufe of 
which I have not difeovered. Previous to this dage of fufion 
po action whatever Teems to take place between the carbonate 
and the porcelain, the former receiving from the latter an ac¬ 
curate iinprellion of its Aiape, acquire4 doubllefs when the 
powder was rammed into the tube. In this cafe the carbonate 
remain'! quite loofe, aqd js often heard to rattle before the vef- 
fe! IS opened. Where pounded file?; has been rammed into Union of the 
the luhe in con!a61 with the carbonate, an union hus fometimes ^icx°***** 
taken place, producing a fubdance having foTnewhat the ap* 
peaiance of chalcedony, but which fhews evident *prpof of 
fufion, it having finwe4 fo as to form little dalafiites and da* 
lagrnitdH. This fqbdance effervefees feebly in acid, in fomu 
cafes it leaves a femi-tranfpareiit cloiid of undifTolyed matter, 
in others didolves qptircly th^ folution, yielding a jelly when 
evaporated to a certain pitch. This affords proof of a real 
union between the carbonate and the filex. 

In all the experiments alluded to in this paper, the vedels Whenthe yel- 

have been expoled to a violent expanfive force, by which a the carbonate has 
^reat number of them have been dedroyed, and the experi- Aewn difFerent 
merits have often been lod or refulls obtained only of partial 
* ’ 3 faccef* 



w 


EFFECTS OF HfiATg 


left 

futblei &c» 


An ippantuf 
rerimbling thit 
of Count Ruin* 
foxd^ 


regvlatsd* 


preffure 3 or 
4 hundred at* 
mofpberes* 


Similar esperi* 
ynentt on bitu* 
fnuouB matter* 


Aiccefs. Bttt thefe have frequently been of value, by bfing- 
ing into view important coUateral fa£ts. Thus I have found 
that under certain circumRances, a partial calcination has taken 
place by the reparation of fome of the carbonic acid from the 
lime, though enough Rill remained to preferve many of the 
leading properties of a carbonate. When a lofs is fuflained, 
amounting only to two or threes or even four per cent. I Rnd 
the fubRance Rill fufceptible of agglutination and fu'fion, but 
its fufibility is greatly diminiflied, a heat of 40 or 50 being re* 
quired to accomplifh what would have been done in 22 or 25, 
had the earth continued to be completely faturated with car¬ 
bonic acid, and the carbonate thus obtained is apt to fall to 
decay by attracting moiflure from the air. Thefe dilTerencea 
afford a good illuRration of the influence exerted by the acid as 
a flux on the earth. 

Having thus afeertained the fufibility of the carbonate under 
preffure of indefinite amount, I became d^uittus of affigning 
its limits, and of difeovering the lead force neceffary for this 
purpofe. In this view, in addition to my other devices, I foU 
lowed Ibofe ufed by Count Rumford in trying the explofive 
Rrength of gun-powder.* 

By means of a great weight preffing upon a fmall opening, 
and regulated by a counterpoifeadjuRedatpleafure, I was able 
to conRratn the carbonate to any given amount. In this man¬ 
ner I found that the preffure of 80 atroofpheres, anfwering 
nearly to half a mile of fea In depth, was requifite to produce 
any effeCt of pompreffion on the carbonate of lime, and that 
to execute the bufinefs well required a force four or five times 
greater. ^ , 

I have likewife made fome experiments with coal treated in 
the fame* manner as the carbonate of lime, but I have found it 
much lefs tradable, for the bitumen, when heat is applied to 
it, tends to efcape by itsfimple elaflicity, whereas the carbo¬ 
nic acid in marble is in part retained by the chemical force of 
quick lime. 1 fucceeded, however in conRraining the bitu- 
fnenous matter of the cpal to a certain degree in red heats, fo 
as to bring the fuhRance into a complete fuliuni and to retain 
its faculty of burning with flame. But 1 could not accomplifh 
^hjs in heats capable of agglutinating the carbonate; for I have 
found, where I rammed them fucceffively into the fame tujbe, 

^ Philof. Journal^ quarto ieries, I. 459. * 
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and where the vefTcl has withftood the expanfive force, that 

the carbonate has been agglatinated into a good Ume-llone, but 

that the coal has loft about half its weight, together with its ^ 

power of giving flame when burnt, remaining in a very com- blind coaU 

pa61 ftate with a (liining fradure. Although this experi^ient 

has not afforded the defired refult, it anfwers another purpofe 

admirably well. It is known that where a bed of coal is crofled 

by a dyke of Whinftone, the coal is found in a peculiar ftate 

in the immediate neighbourhood of the Whin, the fubftance in 

fuch places being incapable of giving flame, it is difiinguilhed 

by the name of blind coal. Dr. Hutton has explained this 

fa£l by fuppofing that the bituminous matter of the coal has 

been driven by the local heat of the Whin into places of lefs 

intenfity, where it would probably be retained by diftillation. 

Yet the whole muft have been carried on under the adlion of a 
preflure capable of conftraining the carbonic acid of the calca¬ 
reous fpar which occurs frequently in fuch rocks. In the laft 
mentioned experiment, we have a perfeS reprefentation of the 
natural faA fince the coal has loft its petroleum, whilft the chalk 
in contact with it has retained ^s carbonic acid. 

I have made fome experiments of the fame kind with ve- Animat and vtm 
getable and animal fubftances. I found their volatility much 
greater than that of coal, and I was compelled with them to 
work in heals below rednefs; for even in the loweft red h^t 
they were apt to deftroy the apparatus. The animal fubftance 
I commonly ufed was horn, and the vegetable faw-duft of flr. 

The horn was incomparably the moft fufible and volatile of the 
two. In a very flight heat it was converted into a yellow red 
fubftance like oil, which penetrated the clay lubes through and 
through. In thefe experiments I therefore made ufe of tubes 
of glafs. It was only after a confiderablc portion of the fub- 
ftance had been feparated from the mal's that the remainder af- 
fumed the clear black peculiar to coal. In this way I obtained 
coal, both from faw-^duft and from horn, which yielded a bright 
flame in burning. 

The mixture of the two produced a fubftance having exa£Uy Probabilicr that 
the fmell of foot or coal tar. I am therefore ftrongly inclined «**** 

to believe that animal fubftance, as well as vegetable, has con- 
tributed towards the formation of our bituminous ftrata. This 
feem^s to confirm an opinion advanced by Mr. Keir, which has 
iieen mentioned to me fince I made this experiment, 1 con¬ 
ceive 
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fmnl) portion of the organic matter originally depoflted, the 
moil volatile parts having been driven off by the adion of heat 
before (he temperature had rifen high enough to bring the fur- 
rounding fubilance into fufion^ fo as to confine the elafiic fluids 
and fubjeft them to cotnpreffion. 

' In feveral of thefe experiments, I found that when the pref- 
furewas not great, when equal, for inflance, only to 80 at- 
mofphercs, that the horn employed was diflipated enlirelyi the 
glafs tube which had contained it being left almod clean, yet 
undoubtedly if txpofed to heat without compreilion, and pro¬ 
tected from the contaCl oF the atmofpliere, the horn would leave 
a cinder or coak behind it, of matter wholly devoid of volati¬ 
lity. Here then it would feem as if the moderate preiTure, by 
keeping the elements of the fubdance together, bad promoted 
the general volatility, without being drong enough to refid 
that expanfive force, and thus, that the whole had efcaped* 
This refult, which I (liould certainly not have forefeen in the¬ 
ory, may perhaps account for (he abfence of coal in fit nations 
where its prefence might be ex^ie^ed on principles of general 
analogy. 

I have (liewn feveral fpecimens of thefe refults to my friends, 
in particular to Lord Webb Seymour, Mr. Playfair, and Mr. 
Davy, who have agreed in thinking that the invedigation is 
now brought to fuch a dage of advancement> that the refult 
ought to be made public. 

I propofe in the courfe of next winter to lay before the So¬ 
ciety a particular account of all thefe refults, and of the me¬ 
thods followed in obtaining them. In the mean time I (ball 
now fubmit a few of,them to the infpe£lion of the gentlemen 
prefent. 

Nos. 1, 2, 3, 4, 3, 6 and 7, were all produced in feparate 
experiments from pounded carbonate of lime. No. ]#was 
amongd the fird of my ruccefsful refults, having been obtained 
in 1799. It is a firm done, requiring a fmart blow of a ham¬ 
mer to break it. It was inclofed in a cartridge of paper, (be 
mark of which it dill bears. The other fix are dill harder and 
more compafl, approaching nearly in thefe qualities to com¬ 
mon lime-done. Nos. 2, 4, and 7, poflefs a degree of femi- 
tranfparency mod remarkable in No. 4, and all of thefe fpeci- 
mens exhibit an uneven fraflure, approaching to that of beest 
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wax jind marble. Their colours are varioufly though ilighlly 
tinged with yellow and blue; in particalarNo. 3, which though 
produced from common white chalk, refembles a yellow mar¬ 
ble. Nos. S, 5 and 6 have taken a tolerable polith. No, 7 
contains a (liell introduced along with the pounded chalk, and 
now clofcly incorporated with it. 

Nos. 8, 9, 10, li, all formed from pieces of chElk ex- 
pofed unbroken to heat and prelTure. No. 8 is remarkable for 
a (liining grain and fomi-tranfparency. Nos. 9 and 10 fliew 
parallel planes like internal Gratification which has often ap¬ 
peared in chalk, in confequence of the afiion of heat, though 
nothing of the kind could befeen in the native mat's. No. 11, 
very compact, and of a yellow colour. 

By various trials, to be given in detail hereafter, it appears Great Incmfe of 
that the carbonate in all thefe experiments has undergone a ctofeneft*”^ 
great diminution of bulk, amounting in Tome cafes to more 
than y of the qygjnal inafs; and that its denfity has been pro- 
porlionably increajied. At the fame time the porofity of the 
fubflance has diminithed in a Gill higher degree. Thus it is 
found that chalk in its natural Gsyte abforbs and retains from 1^0 
to 23 per cent, of water; but after being expofed to heat un¬ 
der conipreflion, that it does not abforb quite 0.2 per cent, or 
the 300 part of its weight. ^ 

Nos. 12, 13- Examples of welding, in which the pounded Other fpccimw 
chalk has been incorporated with a lump of chalk, upon which roVcM 
it had been rammed, fo that their joining is hardly viGble in under ftrong 
the fradture. preflure. 

Nos. 14', 15, 16. Shewing the fiiGon of the carbonate well 
advanced, with a confiderable adlioti on the porcelain tube. In 
No. 15, the rod of chalk is half melted* tnvi a yellow fub- 
Gance produced by a mixture of the carbonate with the porce¬ 
lain. No. 16 is a lumpof chalk, in a Gate indicating fortnefs; 
a picc^ of porcelain, which lay in contadl with it, having funk 
a little into the AibGance of the carbonate. 

Nos. 17 and 18, being delicate, are inclofed in tubes of 
glafs. No. 17, formed from pounded chalk, Giews in one 
part the moG complete formation of fpar with its rhomboidal 
fradlure I have ever obtained. The carbonate having loG Tome 
of its carbonic acid, had crumbled fo much in its efTential parts 
by the adlion of the air, that the cryitallization was no longer 
vIGble, and I had given up the fpecimen for loG till within 
• ihefc 
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Other fpecimens thefe few days. When employed in examining (hefe refultsv 
hoc ^ carbonate broke in two, and exhibited the frac* 

uader ftrong ture DOW before us nearly in as good a fiale as it was originally. 

preflTure. j iQ||0e^{g^^]y inclofed it in a glafs tube, and fealed it up with 

wax, fo that I have hopes of preferving it. In the mean time 
I am happy to fliew it entire to the Society. No. 18, likewife 
from pounded chalk is perfectly frefh and entire, though made 
more than a year ago; it (hews fome beautiful clear cryfials of 
fpar in parallel plates, but is fo finall as to require the afe of a 
glafs. 

Nos. 19, 20, 21| (hew examples of fuiion and action on the 
tubes. In number 19, a (hell is finely united to fome pounded 
chalk. In No. 20, the mafs originally of pounded chalk is 
finking upon itfelf, and ading at the fame time upon the tube. 
The pure carbonate in its frafture (hewing brilliant facettes of 
cryilallization. In No. 21, the carbonate in a (late like the 
lad; the compound of porcelain and carb onate (hewing its Iw 
quidity by penetrating the tube fo as to form"a di(lin£l vein, 
and then fpreading on its outfide to a confiderable extent, ter* 
minuting with the black line alcove alluded to. 

Nos, 22, 23, 24, give proofs of entire fufion. In No. 22, 
we fee two porcelain tubes inclofed for prefervation in a glafs 
tube, the fealed end of which mud be held downwards, to 
fhew the pofition in which the experiment was made. The 
innermod porcelain tube dands with its muzzle upwards, and 
theoutermod covers it in the inverfe pofition; the carbonate 
was contained in the inner lube. During the aAion of heat, 
the barrel foiled fuddenly, and the carbonate has boiled over 
the lips of the inner lube, running down, as here appears, 
almod to its bottomthus proving that immediately previous 
to the failure of the apparatus, the carbonate had been in a 
liquid date. No. 23, two mafTes of carbonate, welded toge* 
tber in a complete date of froth. The fubdance (hinisg and 
tranfparent. No, 24, two feparate mafiTes expofed together to 
heat; one from pounded chalk, nowin a date quite like the 
lad; the other put in as a lump of chalk drefifed flat at both 
ends, and a letter cut on each end (as done in many of the 
experiments.) It is in a (hining and almod tranfparent date; 
at one end the flat form and the letter are dill vifible; the other 
end is completely rounded in fufionj with a glo0y filrface. 

Nos. 



CH ATMOtPHERlCAL AIK 


107 


25, 26, refalti of coal. No. 25, produced by the 
fufion of common coal under prelTure in low red heat. It 
gave flame powerfally. No. 26, coal produced from horn. 
It is a fhining black fubflance, exafUy refembiing pilch or pe- 
troleum> and burns with a bright flame. 

JAMES HALL. 


IX 

Atmojpherical Air not a mechanical Mixture qf the Oxigenous and 
Azotic Gafts, demonfirate^dfrom the Specific Gravities of thtfe 
Fluids^ In a Letter from Mr, John Gough. 

To Mr. NICHOLSON. 

SIR, 

I HAVE attempted to prove common air not to be a IntroduAofj 

mechanical mixture. The arguments which I ufed for the"”^^ 
purpofe, were drawn from the properties of refracted light 
and the motion of founds thr<?bgh elaflic fluids. Such proofs 
are of an indirect nature; and though the mathematician may 
Tee the force of them, they may not carry an equal degree of 
conviction to the chemifl, who ought alfo to be convinced. 

The following obfervations apply more immediately to the 
fubjedt; and 1 do not perceive how they can be refuted, unlefs 
this be done by difputing the accuracy of the experiments on 
which they are founded. The prefent enquiry has the re-ExperimeaW 
commendation of being flatical, and the data of my calcula-**^^ 
lions are borrowed from certain experiments made by Mr. 

Kirwan and M. Lavoifier. According* to the former gentle¬ 
man, if the weight * of atmofpherical air be denoted by 1000, 
that of an equal bulk of carbonic acid gas will be 1600, of 
oxig^nous gas 1103, of azotic gas 986. An attempt to dif- 
cover the comparative weights of a number of gafes is a difii- 
•ult undertaking; but the preceding ratios may be ufed with 
Tome degree of confidence, becaufe (hey have been eflabliflied 
by a philofopher of the bigbefl reputation. Then in order to 
apply them to the bufinefs in hand, we will fuppofethe weight 
of 100 cubic inches of common air to be denoted by unity; 

.fhough the real weight of the quantity may be flated at 31 Equidontta 

^ ElTay on Phloglfton. 

grains. 
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grains, according to Mr. Ktrwan. Alfo let the charpders 
iVt T, andj^, exprefs rei'peftively the cubic inches of the car¬ 
bonic acid, the oxigenous, and azotic gafes, which compofe 
the n?i^tare contained in 100 folid inches. Now w x -|-y 
= 100 inches by hypotbelis. fiut if 100 inches of air be de^ 
noted by unity, the fame hulk of carbonic acid gas will be 
exprefled by the fraction experimental data; 

confequently the weight of this gas in the mixture will be 
found by the following proportion; f. e. as 100 ; tI '67 :: w: 

In like manner, the weight of the oxigen is found 
to, be awd that of the azote is Now the 

fun) of tbefe weights is equal to unjty by the premifes of the 
calculation ; if then the equation bo multiplied by lOOQOQ on 
the common denominator of the unknown quantities, italTumes 
the following form ; i. c. 1500 it' + 1103 x + 985 y = 100000. 
Thus it appears that we have only two equations, when the 
quantities to be determined arc three; this dr^qm ftance leaves 
the problem unlimited ; (bat is, the value of one of the quan¬ 
tities mutt be difeovered without the aid of calculation* 

- M. Ch^plal takes no nptice^uf the carbonic acid in his ob- 
fervalions on the cpnilitution of common air ; which appears 
to be an overiight, at leall in a genera] view of the fubjefl; 
for various procetfes of nature as well as art conllantly dif- 
charge this gafeous acid into the atmofphere, where its pre- 
fence is alio indicated by qiiick-1iip6 being converted into a 
carbonate, when placed in open fituations* Thefp fafls 
amount to morp than a probability* that the lower parU of the 
atmofphere contain a flight admixture of the carbonic acid : 
this fmall portion, howevpr, was undoubtedly retained, in u 
great meafure, the az^ic which Mr. Kirwnn ufed in 
his experiments; bccaufe he prepared it fron) common air, 
wl)ich was confined over mercury, together with a pafle of 
lulphur mid the filings of iron. 0 

This Angle confideration induces me to follow the example 
of M. Chaptal in making lu of no value; and the fiep may be 
taken with the greatefi fecurity in the prefent iiiftance, bcT 
caufe it increafes the value of x, if it alter it at all; (bat is, 
tlie amount of the oxigenous gas, as found by calculation, will 
exceed the (rutii, on the ruppofilion that (he carbonic acid 
remained in the azotic gas, which Mr. Kirwan weighed. 
then, w be put equal to nothing, the preceding equations al- 

funie ^ 
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fumt llie following forms; i. tf. x + ^ = 100, and 1103 x + 

985.y= 100000. Multiply the former by 985, fubtraS the 
product from the latter, and you will have the following equa¬ 
tion; L e, ll8x=150(): Hence by divifion, x =: 12,^; 
and the cxcefs of 100 above this number gives ^ = 

The flops of this procefs have been detailed minutely, with a 
view to enable (he chemical reader, who has the leaft know¬ 
ledge of algebra, to confider the grounds of the following 
conclufioiis, and to form his own judgment refpeCling the 
weight of them. 

It is evident from the foregoing calculation, that If 100 parts Air not a mix- 

r r . • 1 r L • .u turc of oxigen- 

of a mixture of (he oxigenous and azotic gales, having the ^nd azotic 

fpccific gravity of common air, were deprived of their oxigen 

in a graduated lube, the reiiduum would ineafure fomething 

more than 87 fuch parts, ?. e, 87,-^-. But when an equal 

bulk of the atmofpherical fluid is treated in the fame manner^ 

the portion of^it A^hich remains unabforbed, is much lefs than 

the preceding quantity; M. Oiaptal makes it to be 72 fuch 

parts, and fome writers call it 78, the mean of which is 75. 

Now if we fubtra€t any one oft thefe numbers from the refi- 
duum fixed by calculation, a difference will be found, which 
cannot be referred to the unavoidable imperfcdlions of eudio¬ 
meters, becaufe it could hardly efcape obfervation in any in- 
flrument of the kind, the lead excefs being more than nine 
parts, or nearly a tenth, of the whole fcale of 100 parts. On 
the other hand, a mixture of 72 parts azole and 28 oxigen, or 
of 78 of the former and 22 of the latter, exceeds an equal bulk, 
of common air in weight; confequently the atmofpherical 
fluid is not a mechanical mixture of the two gafes in quetlion, 
if any credit be due to the experimental dofa. * 

Though air has been fliewn not to confifl of the oxigenous ^ gat^ouM 
and azotic gafes fimply mixed together, it is certainly a com- °^****^ 
pound? that may be refolved into thefe two principles: For 
befides fupporting refpiration and combuftion, it converts me¬ 
tals into oxides, and the nitrous gas into nitric acid; therefore 
it contains the oxigenating principle. On the other hand, 
when air is employed to oxigenate bodies, the refiduuin of 
it is azotic gas of greater or lefs purity; confequently the at. 
inofpherical fluid is a gafeous oxide of azote, which can be 
decompofed by art, though chemids have not as yet difeo- 
vired a certain method of producing it at pleafure, by uniting 
the <oxigenating matter to the azotic bafe. 
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StiM ualyfis Fads have obliged loe to give a name to common air, whidt 

has been hitherto exclufively applied to the dephlogifiicated 
nitrous air of Dr. Prieftly. This remark being made for the 
fake of perfpicuityj I will endeavour, in Uie next place, to 
give a ftatjcal analyfis of the atmofpherical fluid. If 100 cubic 
inches of common air weigh 31 grains, the weight of an equal 
bulk of azotic gas will be 30.535 grains; becaufe as 1000:31 
:: 985 : 30.535: in like manner the weight of 100 cubic 
inches of oxigenous gas will be found to be 34.193 grains. 
The quantity of azo'^C gas in 100 cubic inches of air, will be 
iiated at 75 inches in the prefent calculation, for the following 
reafons; firfi, Becaufe 75 is the mean of 72 and 78; fecond, 
Becaufe M. Lavoifier found, that four inches of oxigenous 
gas and 16 inches of air faturate equal quantities of the nitrous 
gas. Thefe premifes being fettled, we (hall find the weight 
of 75 inches of azotic gas to be 22.90125 grains; confequently 
the weight of the oxigen gas in 100 cubi c inch es of common 
air, is the excefs of 31 above the laft n^umCer, or 8.09875 
grains; therefore as 34.193 : 100 inches :: 8.09875 grains 
: 23.685 inches, which is the jpeafure of the oxigen gas in 100 
cubic inches of common air» when the azotic gas is Hated at 
75 inches. Thus it appears, that if 100 parts of the atmo¬ 
fpherical fluid were decompofed, the elementary gafes would 
occupy together no more than 98.685 fuch parts; and a dif* 
ference of a like nature will be obferved, if the azotic gas be 
called 72 or 78 per cent ,; hence it follows that the denHty of 
air is lefs than that of the mechanical mixture of its elements. 
This polition may appear paradoxical at the firfl view, but 
chemidry can furnifli various inflances of compounds, which 
are fpeciflcallj; kghler than the aggregates of their ingre¬ 
dients. / 

Tbeosigcn of analyiis mull remain incomplete, until the powers of 

^ air compared the oxigen of the atmofphere have been compared with the 

correfponding effeA of an equal weight of the oxigenous gas. 
Such an-attempt, however, is liable to great unrartainty; 
becaufe the experiments which (hould fupply the neceflarj 
data, are variouHy reprefented by different writers. M* 
Lavoifler fays, that four parts of oxigenous gas and nearly 16 
of common air, oxigenate equal bulks of nitrous gas^ namely 
17,y parts. On Uie contrary, M. Chaptal found by repeat^ 
experiments, that 12, or at mod 13, parts of sur were filffi- 
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iatunte the fame quantity of nitrous gas. The data 
of (fte following calculation are taken partly from the one and 
partly from the other author: I have fuppofed with M. La<« 
voifier, that three inches of the oxigenous will acidify 13 
inches of the nitrous gas: M. Chaptal is followed in other re- 
fpeflsj namely, the atmofphere is imagined tu contain 72 per 
cenL of azote, and 39 inches of air are made equivalent to 52 
of nitrous gas. The calculation, which is formed upon thefe 
fuppofitions, will in all probability prove incorred; but 1 have 
ventured to infert it, as being a novelty, which is likely to 
excite enquiry. If 39 inches of air can faturate 52 of nitrous 
gas, 100 inches of the former require 133.333 of the latter. 

Again, if 13 inches of nitrous gas demand three of oxigen, 

133.333 of the former will require 30.303 of the latter. But 
the weight of 30.303 inches of oxigen gas amounts to 10.361 
grains, which is equivalent in eflfeQ to 100 inches of air* 

Now 72 inches of azotic gas weigh 21.985 grains, which 
being taken from 31 grains, leaves 9.015 grains for the weight 
of the oxigenous part of 100 inches of air; in round numbers, 

90 grains of the latter kind of <$xigen are equal in efieft to 
103 of the former. 

1 know that M. Lavoitier, in fpeaking of the conflitution 
of nitric acid, makes 100 grains of it contain 64 grains of the 
nitrous and 36 of the oxigenous gas; or 173 inches of the 
former and 105 of the latter. Had the data of the preceding 
calculation been taken from this ratio, the comparative fupe- 
riority of atmofpberical oxigen would have been much greater 
than it appears to be by the lad paragraph. A preference, 
however, has been given to the preceding hypothefis, becaufe 
I defire to excite enquiry, rather than expfdi fo edablifii any 
thing of a permanent nature concerning (he fubjefi. 

The preceding arguments, in conjundion with otliers of a The origin of 
kind irore uncertain than themfelves, fuggefled to me the PhuTjour, 
probability of atmofpherical oxigen poiTelfinga greater degree Tol.vui. p. 246 . 
of efficacy than an equal weight of vital air. This idea oc¬ 
curred to me feveral months ago; and I at length refolved to 
propofe it to the public in a number of hypothetical quellions, 
which appeared in your Journal for Augud. Tbelb queries 
are evidently borrowed from fome ingenious fpeculalions, that ^ 
were publiflied io the eighth volume of the fiitme work *; for 

* Page 88. 
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the queries imply^ in common with the remarks here allud^ 
tOf that the oxigenating matter is water chemically united to 
the pofitive power of the galvanic pile- In order to accom* 
modate this notion to the cafe of common air; I have fuppofed 
that tiie oxigen of the atmofpherO receives a Hronger charge 
of the power in queilion^ than that which is imparted to vital 
air; in confequcmce of which it takes up an additional quan¬ 
tity of water« upon being difunited from the azotic batiSj and 
is thus converted into oxigenous gas. Should future expert- 
tnents difeover that bodies, which are oxigenated by given 
portions of common air in coniad with walerj acquire more 
weight than the air lofes, the difeovery will undoubtedly open 
a wide field for enquiry, 

JOHN GOUGH. 

Middlejhait), Sept, 5, 180 J-. 



X. 


Lefierfrcm Thomas Youn*, M, D, F, R, S, announcing 
the Difeovery of a neiv moviifg Star, by Mr, Harding, 
Ziiiffithali and on other Subjeds, 

To Mr. NICHOLSON. 

Dear Sir, 

New piinet I HAVE juft received a teller from Dr, Gaufs of Brntifwick, 
latelydir«verca,|r^ R. S. dated September 11, in which he Informs me that, 

a few days before^ Mr. Harding at Lilienthal bad difeovered 
a new mown^«ftar, moft probably another new planet of 
our folac fyftem/^ Dr. Gaufs is certainly a perfon on whofe 
judgment much dependance may be placed: He has fent 
fomc further particulars of the difeovery to the Aftaonomer 
Royal. 

Maximum of I take this opportunity of making a criticifm on a work of 
4eafity of water. experimental merit which has lately appeared. It re¬ 

lates to the apparent expanfion of water in a veflel of glafs. 
Mr. Leflie calculates, from the fuppofttion that the expanfion 
of water is proportional to the fquare of the degrees ^ tem¬ 
perature above the freezing point, and from the expanfion of 
glafs meafured by General Roy, that the apparent maximbm 

bf 



BtfW MOVINO STAR, &e. 113 

I \ 

of dfnfity fliould be at 6^ of the decimal fcale: but he has 
taken in this calculation the mean rate of expanfion from the 
freezing to the boiling point, inftead of the expanlion at the 
boiling point, which, upon the fuppolition, is twice as great; 
hence the apparent maximum, on the fame grounds of calcu¬ 
lation, Ihould be at 3^ of the decimal fcale, or at 37.4^ of 
Fahrenheit. Mr. Dalton attempts to avoid this difficulty by 
fuppoiiiig that the thin bulb of a thermometer expands more 
than the glafs tube employed by General Roy* 

The fame ingenious author has made experiments on (heof W* 
elafficity of different fubflances, by meafuring the depreffion^'^^* 
of the middle of a bar fupported at its extremities; but if I 
am not much miffaken, his inferences from them are by no 
means accurate. Mr. Leflie gives 67 1625 feet for the height 
of a column of deal equivalent to its elafficity; the (rue height 
refulting from his experiments, taking into confideration allb 
the inequality of curvature, appears to me to be 4664000 
feet; which is Alll little more than half as much as would be 
inferred from the experiments of Chladni on the longitudinal 
founds of fir wood. There m^ft have been feme inaccuracy 
in Mr. Lellie's experiments on Heel differently tempered : for 
it appears from the direft experiments of Coulomb on the 
flexure of bars, as well as from thofe of Chladni, and fome 
of my own, upon found, that the ultimate elafticity of Aeel 
in finall tenfions is the fame, whether it is harder or foAer. 

This may appear at flrfl fight paradoxical, but it admits of a 
fufficient explanation, which, togetlrer with many other iiluf- 
trations of various parts of natural philofophy, will probably 
before Iqng be laid before the public. 

Your very obedient fervdnt,* 

THOMAS YOUNG. 

WMc^i Street, 22, 1804, 
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XT. 

Dejbription qf an Injlrumeat to ajbertain the Number qf JJJU 

made from a Mine, in mp given Time, Bj/ Mr, John 

Antis *. 

SIR, 

eou^”g ^ HAVE lately been encouraged by fome gentlemen engapd 

HAb fbn a in fome coal mines in this neighbourhood, to invent a machine, 

mine, which would infallibly tell the number of boxes of coals drawn 

out of a pit in the couri'e of a week, or any given time. I 
have juft now completed a model, which I think would anfwer 
the purpofe extremely well. 

Before, however, I make it known, 1 tiiooght I would 
inquire of you, whether fuch an invention might be of a more 
extenlive ufe, and as fuch would deferve attention of the 
Society, 

The machine is very limple, and need not be cxpenfive; 
its properties are as follow : 

1 . It is of no coufequence if the pit be ten, twenty, forty, 
or more yards deep. It will, notwithftanding this difterence, 
only point out one box at once; and, fuppofing the pit to be 
feveral hundred yards deep, the principle will remain the 
fame, and the machine could be eafily adapted for it. 

2 . It is likewife of no confequence if the coals be drawn up 
by a hand windlafs, or any other machine turned by horfes or 
other powers. 

3. No account is neceflary to be kept for a whole week, or 

any given tiroe> as*the machine can be calculated for any 
quantity qf coals whatever, that can bedrawn up ina given lime. 
Only allowance muft be made for the number of perfons that go 
down and up in the fame way.* ^ 

I have not yet heard of any contrivance of this kind ; and 
therefore, if there be any fuch, it is unknown (o me. Who¬ 
ever knows the fraud, wliicji is but too often committed by 
bankfmen^ in accounting for the quantity of coals procured 
from a pit, will readily admit the utility of fuch a contrivance. 
And it may moft likely alfo be ufeful in tin, lead, and other 

* From the Tninfa^ons of the Society of Arts, 1803. 
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Xiines/ Should the Society be of the fame opinion, theit I InA^nneBi ftrrt 
will fend you a ftill more complete model than at prefenU 
Your fpeedy anfwer will very much oblige miae« 

Your moll obedient Servant, 

JOHN ANTIS* 

Fulneck, Alarck G, 1S05!. 

Charles Taylor, Efq. 


SIR, 

I HEREWITH fend you a model of my macbinci which 1 
have before mentioned to you, for pointing out any number of 
boxes or bafkets of coals, or other minerals, which are drawn 
out of a pit in any given time. I (hall be much obliged tG 
you, if you will lay it before the Society for the Encouragement 
of Arts, &c. for their inlpedion, and (hall be glad that they 
find it of public utility^ 

It will eafily be perceived, that by enlarging the wheels 
and multiplying the cogs of iheqj, (he number of yards rea 
quired for the depth of a mine, as likewife the number of boxes 
which are wanted to be pointed out may be carried loan/ 
extent. 

I am fo lillle acquainted with coal-pits, or any other minesi 
that I do not know the technical terms by which the different 
parts are called, nor all the methods now ufed to draw up thofe 
materials; I mud therefore beg the indulgence of tite Society, 
if I do not always exprefs myfelf with accuracy. 

By inventing this machine, 1 aimed at afeertaining the 
number of boxes, my ideas rcfpefling which J*wjll endeavour 
to deferibe, to the bed of iny abilities. 

Fird, the rope mud be fo long, that it can be drdenet] at its 
middle Iq^lhe windlafs, and that each end thereof may reach 
to the bottom of the pit. This precaution will not be neceffary, 
if it can be prevented by any other means from fhifting or 
Aiding, which 1 leave to others, more acquainted than I am 
with the prefent prafiice, to efie6l. 

Tberoller A, PlateYlUFig» 1, in the model, with the endlefs 
ferew, reprefenU the gudgeon in full iize of a hand windlafs, 
dich at are ufed in this neighbourhood, particularly where the 
pits are of confiderable depth. At no great drefs is laid upoo 
(his4rntw, it may be made, in order tofave labour, of brafs^ 
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and drivan, or otherwire faftened« upon any gudgeon. 1 
Aippofe tbe windlafs Co be one yard in circumference; and 
confequenlly forty revolutions of the windlafs are required 
before the firfi wheel B, upon which the brafs catch C is fixed, 
turns once round. The pit, therefore, may be only ten yards, 
or from feventy to feventy-five yards deep, yet it will make no 
difU&rence. All that is required to regulate the machine to the 
depth of the pit, is as follows:—If the pit be little more or 
lefs than ten yards, the firft wheel muft be fo placed in the end- 
lefs fcrew, that the brafs catch C may be at the beginning, but 
jtili efcaped from the cogs of the fecond wheel D. It will 
then only want five or fix revolutions of the windlafs backwards, 
before the faid catch is ready to operate again. But fuppufing 
the pit to be feventy yards deep, in this cafe, the catch C 
nufi be placed fo as nearly to be ready to ad. By turning 
backwards, the wheel may very nearly make two revolutions; 
and as it can be Hill turned as far the otHter way, the catch will 
only ad once, provided the faid wheel does not quite make 
two revolutions, ^ 

The model is about the fize required for a common hand 
windlafs. The index will at once Ihow how many times fifty 
boxes, and how many above and below that number, have been 
drawn up: not one of them can efcape. Allowance, however, 
snuft be made for the number of perfons who go up and down 
in the fame way. Befides this, fince one box is always coming 
up, whilfi the other is going down, the numbers pointed af 
mufi be doubledi except a perfon was defirous to have a ma¬ 
chine ading both ways, which would hardly be worth while. 
As the machine is at prefent, though it pdnts outa tboufand 
boxes only, yet it will ferve fur two thouland. 

Tlid lame mechanifm, with very little variation, may be 
fixed to a horfe machine, called a gin, in this neigbljtourhood; 
via* as a gin may be ten yards or more in circumference, the 
adion would be too flow, if moved by an endlefs ferew; a 
piniem. with ibur leaves, will be found much more convenient. 
This pinion is fixed to (he end of the upper gudgeon, which en* 
tera the box containing tbe machinery. As fome accuracy is 
required to make fuch a pinion work well, and ihefe machines 
are often coarfely coniiruded» it will be neceflary only to make 
about one inch end a half of the end of the (aid gudgeon ex« 
^dly round, namely, that pact of it which goes through^ the 

bottom 
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bottofj} of the box, and then faften the Jatler fo, that it can InUrumei^of 
give yvay to any remaining inaecutacy of the other parts of 
the gudgeon, mine, 

I have fent a drawing * of fuch a machine, which will be 
eafily underHood, Hnce the principle is the fame as in tho 
model. But as gins are commonly made u(e oF in deep mines, 

1 have made it upon a larger fcale; viz. the firft wheel has 
fixty-four cogs; and this, with a pinion of four leaveSf will 
require fixteen revolutions of the gin, for one of the wheel. 

Allowing ten yards for the circumference of the gin, it will 
make one hundred and fixty yards of rope; and conlidering 
that the fatd wheel can nearly make two revolutions, and that 
the catch will fiill aft only once, it will confequently ferVe 
for a pit of three hundred yards deep, as well as for one of ten 
or twenty. 

In this machine, the three wheels are placed onoon another, 
and the index is divided ; viz. the hfty on the fecond, and the 
]00Q on the third wheel. As the wheels move, the two hands 
are Handing, which will point out the numbers as exaftly as 
thofe in the model. Indeed, qiachines for hand windlade^ 
may be made in the very fame way, and thereby be more 
fimple, though the difference is but fmall; viz. the box would 
require but one lid and lock, and the two fmaller wheels be¬ 
come unneceffary. 

Though in fetting the machine fo as to begin counting with 
one. It may eafily be effected by lifting out the fpring, and then 
turning tiie wheel with the other liand, till both hands Hand 
ppon one, yet, in the double index, the upper hand rouH only 

be f'et thus with the wheel, and the lower niav be moved round 

• ' • 

on its focket. • * • 

In my humble opinion, my machines may be ufeful in two 
ways; HrH, to the honed banksman, as they will fave him 
the troable of noting down each box which is draw*n up, and 
prevent miHakes ; fecondly, in the prevention of fraud, which 
will be their grealelt and moH important ufe. To obtain this 
end, it is neceffary that the machine be fo contrived, that 
nothing effentiully wanted can be difenga^ed. I have there¬ 
fore made the model fo as to fruHrale any fuch deiign. All is 
within the box; and neither the endlefs ferew can be difen- 

^ This drawing is in the Society's poHeflion. . 
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gaged from the wheeU nor the fpring; nor can the number on 
|he index be altered without firfl opening the box. This latter 
can be made of iron, if found necelTaryt with a good lock to 
it; otherwife, the ftrefs is fo very little, that even one of wood, 
made in all refpefls like the model, would anfwert if it could 
be fecured from the effeAs of die weather. In the machine 
likewife, reprefenled by the drawing, nothing can be altered, 
except the box be firft opened. This machine is faflened to 
the beam in which the upper gudgeon (urns. To ctTe^l this, (he 
bottom of the box mud have two projefling ends with holes in 
them, larger than neceflary to receive a llrong pin or rivet; 
which pins mud have large heads. To that when properly driven 
or riveted in, the box may be able to give way to any remain^ 
ing inaccuracy in the lower parts of the gudgeon^ as I before 
obferved. Thofe machines for hand windlafles, like the model, 
are Axed to the (ide of the pod into which one of the gudgeons 
turns; but perhaps thefe (p>ght likewife be contrived fo, that 
the gudgeon with the endlefs ferew may-be a piece by itfelf, 
;it(ached only to the windlafs by a fquare, or otherwife, as is 
pflen praflifed in other machineries, fuch as cotton-mills, &c. 

J am. Sir, 

Your obedient Servant, 

JOHN ANTIS. 

falnecit May\^, 1802. 

Charles Taylor, Efq. 

Hrfcrence to the Model fent Mr. Antis to the Society, 

P/atc VIL Flg^ 1. A. The roller, with an endlefs ferew, 
to be the fize of <the gudgeon of a hand windlafs, 

B. The fird wheel, of forty teeth, with a brals catch C. 
Jt may be moved backwards or forwards by the endlefs ferew. 

D. A ratchet wheel with fifty teeth, which, when tlv^ wheel 
B is put in motion one way, the catch will Aide over the teeth 
of it; but, on turning it the other way, the catch will drop 
into and forward this wheel one tooth, in which iituation it is 
prevented from returning by (he fpring £, placed on the fide 
of the box which bolds a tooth on the fide of the wheel. 

f • A fmall piniou of four teeth, on the back part of the 
axle of the wlieel D. This pinion moves a large wheel on the 
Other f\d9 of the box, " « 
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Fig* 2. G. The large wheel laA mentioned ; it has idgbty XnftmmeA for 
i cottntingthe 
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H. A fmaller wheel of fifty ieeth, fixed fall on the faceofmuie* 
the wheel G ; which wheel H works a wheel 1, of the fame 
number of teeth, fliown by dotted lines behind the figured 
dial-plate. 

K. The fhort hand, or finger of the dial, is placed upon an 
arbor or collar of this wheel I, and moves with it. 

The long finger, or hand of the dial-plate, goes upon a 
fquare on the end of the fpindle on which the above arbor 
moves; which fpindle moves forward this long finger one 
divifion in fifty of the outer circle marked on the dial-plate, 
every time the rope, or any thing attached to it, has been 
down to the bottom of the mine, and returned to the top. 

The inner circle of the face of the dial is marked in divt- 
iions of fifty each. When therefore fifty draughts up and 

down have been made from the mine, the (liorter hand will 

> 

be found, if both hands were originally fet correctly at the 
top, to have moved to the firft interior divifion marked £0; 
and fo on, in proportion, will advance as more draughts are 
made. 

K, Isa board placed under the wheels BD, in Fig, ], and 
which feparates them from the other wheel-work in Fig, 2, 
where only a few teeth of the wheel B appear behind it. 

L L, Show the temporary handles in both figures; and 
the pofition of ihofe letters denote that the gudgeon of the 
windlafs, when the machine is in actual ufe, fliould be there 
joined to. or make a part of the rojier A. 

Fig, 3, Shows, on an enlarged fcale, the form of the catch 
C. The fieel fpring M preffing againfi«(h^pin N, returns 
the catch to the tooth of the wheel D, when it basb^en forced 
back; and a pin fixed underneath the catch moves in a groove 
O, made in the wheel B, to prevent the catch being preiTed 
too far back, or thrown out improperly by the fpring. 

A door is fixed on each fide the box, and fhould be locked, 
to prevent the hands being altered unknowingly. 

Tire drawing ef a machine for fimilar purpofes, intended 
to be ufed with a gin or horfe-wheel, alluded to in Mr. Antis’s 
letter, is in the Sqciety^s pofTellioni if a reference thereto be 
thought uecedary. 
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Qa G$lvanifm. Jn a letterJro$n Ra. Thickkessb, E/q^ 

To Mr. NICHOLSON. 

SIR, Wigan, Sept, 20, 1804* 

Although the produf^'ion of the eleAric fluid by the 

galviinic pile has never yet been ratisfaftorily accounted for, 
it appeals to me fomewhat eafy (o be explained, from a cdn- 
flderation of the principles of chemiflry. This, 1 am aware. 
Is a very bold opinion froiti a roan who is a mere dabbler in 
philofophy; but as it tnuil be allowed that the ableft philofo- 
phical inquirers and experiroentalifls have been guilty of ex¬ 
traordinary overflghts, I truft my prefumption is excufablc. 
When an ardent mind has once entered a wrong path in pur- 
fuit of knowledge, it is too intent upon ^he ohjefls before if 
to turn aflde, and too anxious to proceed to be induced to 
look back. Thus cheznilts fifty years ago thought they ob*^ 
tained earth from w*ater, becuufe they omitted to weigh the 
veflels in which they made their experiments; and thus, per¬ 
haps, the profeflbrs of galvanifm at the prefent day, being of 
opinion, as I believe they all are, that the eleSric fluid pro¬ 
ceeds from the metals, devote little of their attention to the 
fluid employed in the pile, confidering it almofl as a mere 
condu^or. Nothing can be more obvious to a chemifl now 
than the neceffity of weighing the matter he fubjedls to expe¬ 
riment, and alfo theprodufl; yet the difeovery alone of this 
neceiOty overturned the opinions, and falflfled the. wlfdom, 
of all the previbus cultivators of the fcience, and led to the 
modern theory of chemiflry and its improvements; an omiflion 
how trifling in itfelf to keep men (pbilofophers too) poking 
ih the dark for ages! ' c- • 

Water, we are told, is compofed of certain^iarls of oxigen 
and hidrogen; but, as to form' Ihefe bodies^ from a flate of 
gas at lead, into water, it is liecefTary to pafs an elefiric 
fpark through, or rather into them (no matter whether the 
procefs of formalipn be combuflion or not), and as water owes 
its fluidity to heat, the matter of heat and the eleftric fluid 
being'probably the fame, Or modifications of the fame body, 
I think it reafonabie to afliime that water is compofed qf 
oxigen, hydrogen, and tlte ek^te Jluid^ 


The 
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Tbe experiments by which M. Volta and others have en-Pecomaofitteii 
deavoured to thew that piles compofed of metals only aSotd 
the galvanic fluid, are fo little demonftrative of it. that they got to the JSn 
feem to me equally illuflrative of the contrary j and I believe ®f 
that all galvanic piles muft« with the intervention of fluidsi be * < 

conipofed of two metals, or other J]ibJlances, which have an 
aihnity, the one for oxigen and the other for hidrogen; tor 
water and other fluids made ufe of in galvanic piles, are de- 
compofed; and not, { conceive, s^s hath generally been ima¬ 
gined, by the elefiricity of the metals; but by the a£lion of 
aflinities. For inftance, in a pile formed with zlnc^ copper^ 
and water, the oxigen and hidrogen of the water having a 
tlronger affinity for the zinc and copper (the oxigen for the 
zinc and the hidrogen for the copper] than' for each other, 
unite with tliemj the water being conf^quently dccompofed, 
arid the ele£)ric or galvanic fluid, which was contained in itf 
confequently fet at^liberty. 

In fupport of this theory I may alledge as fafis, that the flrft Fulkrexplaoa- 
fliock from a galvanic pile is generally the flrongefl, when 
the energy of the affinities is t!ie grealefl; that for a repeti¬ 
tion Tome interval of time is requiflte, whilft the decompofl^^ 
tion is taking place; that the metals in the pile adi, not ac* 
cording to their quantities, but according to their furfaces— 
the greater thefe are, the greater being the quantity of water 
adled upon; that the zinc is always oxidated, and the copper 
(or filver) always adled upon by the hidrogen, being rendered 
more brittle, &c.; that any alteration in the arrangement of 
the pile, which brings two pieces of the fame metal to the fame 
ftratum .of water, inflead of one piece of each metal (one to 
a£l on (he oxigen and the other on the bi&rdgen), interrupts 
fhe procefs, and, no decompofltion taking place, there is no 
eledfric fluid produced; and it may alfo be added, that this 
lafl iif% fad which cannot olherwife be accounted for. 

I am not ignorant that a dream of the galvanic fluid from Objcdton, that 
the pile, pafled through water, decompofes it; but it is 
|)roof, I prefume, that water contains none of this fluid, be-pofcB water,' 
caufe it is decompofed by a greater quantity than will chemi- “lowered, 
cally mix with it. If we pour a fmall quantity of water im¬ 
pregnated with carbonic acid gas into lime-water, the lime is 
precipitafed, or contpofed, the lime-water becoming turbid; 

but 
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latroduAion* 


fnffrument for 
drawing in per* 
ipcAivc* 


but if we add a further quantity^ the lime is again dehorn- 
pofedf and the lime-water becomes again perfedlly clear, 
i am. Sir, 

Your mofi obedient fervant, 

KA. TUICKNK&SE. 


*■■■ .. 

XIII. 


Description an InSrwnmt for drawing in trmc PerJpcSlive 
from Nature^ and qf another of confiderable Simplicity and 
Chcapneft for delineating Ovals. In a Letter from a to/ re** 
Jpondent^ K. B. 


To Mr. NICHOLSON. 

SIR, 

As I obferve (hat you are willingi in your capacity of Jour* 
nalifi, to lay betore the public any iketch or outline of inven¬ 
tion that may promife to be uteful, whether in its ultimate 
Hate of improvement or not, { am encouraged now and then 
to fend tny tlt.:iights, queries, obfervations, or news^ as they 
may occur. The following inftruments are ofTcred to your 
notice, in liopes they may appear in your excellent coU 
le^^ion. 

Fig. I, PIrtfeVIIL is a fkelch of an iiiHrument for per- 
fpeftivc, made feme years ago by Dollnnd, and of which 1 
know not the inventor. A lelefcope or camera is fufpended 
vertically on a frame by an univerfal joint or jimbals. Hori¬ 
zontal rays A, are diredled down the tube by a plane mirror 
B, and are again tendered horizontal, and turned to the eye 
through a^fide hole in the tube, by another mirror C. At the 
lower end is a pencil £ Aiding in a well-htied focket, and 
prclfed gently downwards by a weight or fpring; or Aili better, 
by the hand only. Therefult or ufe is, that while the images 
are in AicceAion brought into apparent contaft with a point 
in (he held of view, tlie pencil may be employed in tracing 
them in true pcrfpedlive upon the table beneath 

* There is an omtAIon of the grey or rough glafs, if the drawing 
be meant for a camera; or of the eye-piece, if it be a telefcope. 
The ArA focal convergence inuft be made in thefe, and not at the 
«ye.—N. " 
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Fig* 2 reprefents a Gmple rule and firing for drawing ovals lallruiAnt for 
f)» paper. A C B is a filken thread, fixed at A, and 
of being lenglhened^ (hortened, and fixed by a (crew B at the 
other end. Tiiis fcrew B can be placed, by a longitudinal 
groove in the ruler, at any difiance from A, and can be made 
to pinch the thread upon any one of the divifiorys of the rule. 

At C is a pencil to be moved in the bend of the thread. It 
mull be held upright, and it would be eafy to contrive means 
of keeping it fo; but it does not feem an obje£t of fuflicieni 
neceffity to add to the price of the infiruinent. 

In the ufe, fet A at one focus of the intended oval and B 
at the other. Allow the firing to extend till Ihc pencil marks 
the extremity of the conjugate diameter. Draw the fcmi-oval 
by moving the pencil along in the fi retched thread: Then 
reverfe the poiilts A and B, placing them rcfpe£lively on the 
fori occupied before by each other. Draw the other feniU 
oval, which coniplefes the figure. 

I am, Sir, 

Your obligee! correfpondent, 

* R.. Bft 


XIV. 

On the Comp tUation of Tables qf Squares and Ctihes» In a Letter 

from H. G. 


To Mr. NICHOLSON. 


Sl.R, 


Sept 8, 1804. 


<i^S 1 can employ my time in a more ufeful, pleafant, and Introduction, 
advantageous way than by making tables of any kind, I have 
no de^re on my own account to trouble your readers with the 
following remarks, and fiiall therefore leave it entirely to your 
choice to notice them or not in your Journal. 

1 am. Sir, 

Your humble fervaiit, 

H. G. 


YOUR correfpondent £. O. in his note, p. 79 of your On the compu. 
Journal for thii^month^ has very properly pointed out an error 

In cubes. 
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^ the in tte rale laid deiurn by me In p. 150 of your Journal for July 

6f Iftll, which will be coneAed by fabHituting the word givei^ 

Mbci* for the word nefe. 

But he does not feem to be aware that the rule I propofed 
for finding .the fi^uares of roots in an arithmetical progrefiion 
of thofe root8» is precifely the fame as that he has ufed and 
elucidated in pages 5 and 6 of your Journal for this month. 

Neither h^s he made me a convert to his do£trine« that ad* 
dition fliould be uled in preference to fubtraftion; for the one 
appears to roe as eafy an operation as the other, for all the 
purpofes to which it is applied in the confirudion of the tables 
in queAion. 

With rerpefi to the ccrofiri^dion qf the table of cubes, I 
will barely Aate my method of computing the cubes of the 
lame roots E. O. has calculated, in pages 8* and 9 of your 
Journal for this month, and will leave it to thofe who may be 
inclinable to enter on Ihe invefiigationi to determine which 
methqd will be advantageoufiy pra€tifed, his or mine, 
only obf'erying, that £. O. has a continpal repetition of the 
firA diAerences, which 1 have entirely avoided widiout adding 
any figures, in other refpefils, to thofe he has ufed. 

I Aill think my method of computing the table of cubes is 
not more liable to inaccuracy than that £, O. has adopted; but 
in order to avoid almoA the poAibility of error in my computa* 
tion, and at the fame time to add to, examine, and correQ 
Mr. Councer's table, I would place the cubes of half the given 
roots X 8, at fuch cJiAances qnder each other, as would en¬ 
able me to interpolate my calculations of the cubes of twice 
thofe roots, as it is done in the left hand part of the following 
flucidation; and then it is evident, every other cube obtained 
by the caijrulation muA be the fame as that obtained from the 
table; and thus a proof of the accuracy of Mr. Councer’s 
iable^ and of the continuation of it, would go hand in latnd. 


Table'^ 
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XV. 

Lctitrtothe Editor from Mr. William Henry, in reply W 

Mr. Gough. 

Manchcfier, September 180 t* 

SIR, 

^JoTHING was farther from my intention, when I com¬ 
municated to you the lllulirations of Mr. Dalton’s Theory 
of Mixed Gafes,” than to enter into controverfy rcfpeding a 
doctrine, to the defence of which I may naturally be ruppofcd 
to be much Icfs competent than its author. Yet it is certainly 
required of me, both by the refpc£lful attention due to your 
torrerpondent Mr. Gough, and to others of your readers, 
either to explain and fupport, or to relinquifli, if erroneous, 
the opinions refpedling which 1 have publicly^exprelTed a coin¬ 
cidence w'ilh Mr. Dalton. The lafl; alternative I do not, at 
prefent, feel difpofed to adopt, becaufe I am far from being 
convinced by Mr.G.’s reafoningi and in the explanation, which 
I am about to offer, I fhall confine myfcif to thofe proofs of 
the new theory of mixed gafes, wliich are furniflied by my 
own experiments; leaving to Mr. Dalton the more important 
office of eiiablifhing its fundamental evidences. 

The quantity of It is by no means clear to me, wliether or not Mr. Gough 
gas abfor^ denies the principle, “ that the relation between gafes and 

pretTare, the bit water is altogether a mechanical one.”*^ To me this appears 
is taken to be as legitimate an inference, as can poffibly be deduced in pby- 
tbecaufr, for the quantity of every gas, abforbed by water, follows 

exactly the ratio of the preffure: And, fince it is a rule in phi- 
lofophizingf.thut effects of the fame kind, though differing in 
degree, are produced by the fame caufe, it is perfe£ily fafe to 
conclude, that every, even the minuteff portion of *ony^as, 
.ina ffate of abforption by water, is retained entirely by incum¬ 
bent preffure. There is no occafion^ therefore, to call in the 
aid of the law of chemical affinity, when a mechanical law 
fully and fatisfafiorily explains the appearances. And when 
the effe^ ceafes, it is equally conformable to juft reafoning to 
infer, that this happens, in every cafe, folely in confequence 

* Ceitain acid gafes, the muriatic for inllance, are obvioufly ex- * 
eluded. 

of 
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Hff Iht Tetaxation or removal of that mechatitcal power, wftic'h 
held the gas in its fituation. Under all circuniAances, there- 
when a gas efc'apes from water, whether by placing the 
aqueous mixture under an exhaufted receiver, or in an atmof* 
pherc of a different gas, the caufe operating its efcap^ muft 
be one and identical, vix. the diminution of mechanical pref- 
fUrc, Hefore we account for anv effedl by comparifon of af¬ 
finities, the afBnities themfelves fliould be proved to exift. 

Jiul with refpeft to the relation of gafes to water, the proof 
fails in every inflance; for how can that effect be fairly aferibed 
to chemical affinity which is deftroyed, as is the cunnedion of 
every gas with water, by an uninixed mechanical caufe; and 
is it not abfurd to compare powers which have no exiflence in 
nature? 

Admitting then the connexion between gafes and water to —and she pref. 
be entirely dependent on phyfical preffure, there naturally Sther gas than 
arifesout of this law,an explanation of the curious fa£i, which thataWorbed. 

I iiave afeertained, that each gas, when abforbed by water, is 
retained in its place by an atmofphere of no other gas but of 
its own kind. Under any other Atmofphere, the abforbed gas 
efcapes, even without agitation, though tliis certainly acce¬ 
lerates the event. Now the fubaqueous gas can only accom- 
plifli its change of place by virtue of forne aflivc principle or 
}>owcr inherent in it, and cauting its movement; and this 
power is its elaRicity, which is not countcra£led by (hat of an 
incumbent gas of* a different fort, Thefaft affords, therefore, 

Aimething further than " probability,” that the particles of 
gafes prefs only on thofe of their own kind; for to fay that the 
elafficity of the fubaqueous gas is not counteraded by any in- 
ciimbenl one of a different fort, is to affert hi ofher terms, that 
the one is not prefiod by the oilier,—the principle which I am 
folicitous to effablitb. 

The ^bove remarks are the only ones which I deem it within theory is m 
my province to urge in reply to Mr. Cough. Before clofing f?as^'caplbir 
this letter, however, 1 muff exculpate myfcif from the charge mathematical 
of attempting to uphold a mechanical theory, by Probabilities 
drawn from chemical fa^ls. This ilalement is nolcorredl; thet^natloa. 
fafis which I have alledged are purely ffatical, and my object 
has been to prove that tliey were before erroneouily included 
under the laws of chemical affinity, with which, in reality 
thyjf have no conneflion, Thefe mechanical phenomena, I 

have 


' ' 

* BroQ^t in fapport of the general principle ** th^ th^ 

particles of gafes prefs only on tfaofe of their own kind and 
in foapplying them, I trail I have conformed to the rigorous 
laws of (]^iloj(ophkal induction. Such general principles are 
aot uncommon in natural fcience; and though^ like the law of 
gravitation and fome other lefs compreheniive oneSf they may 
' ^ mathematically purfued and invefiigated, yet they are not 
derived from mathematical reafoning* but from a method of 
enquiry which Newton himfelf did not difdain to eiiiployi<« 
that of induction on the bafis of experiment and obfervation. 
The fpeculationsof Mr. Daltonj being founded on wellafcer- 
tained fa^ts^ appear therefore to me to be fairly entitled to the 
appellation of tlieory, and not to be included within the defi¬ 
nition of hypotkejis,* handed down to us from the father of ex* 
"perimental philofophy. 1 remain, very truly. Sir, 

Your’s, Sec. 

' WILLIAM HENRY. 


IVI. 

Defeription of a very fiwple and cheap Contrivance for making 
Port Folios qf large Dmenfiojia, By the late Jamks Max.- 
TOM, Efq4 

SIR, 


Method of con* 
ftrnftmg large 
gorC'felJOS. 


/\S I well know the great inconvenience experienced by 
arlifts and colledors of prints and drawings, from the want 
of portfolios of dimeniions capable of inclofing large fubjefts, 
and as I alfo welf know that the means ufed by the Society for 
the' Encouragement of Arts, &c. to promulgate knowledge 
knd ufefhl information are earneil as they are extenlive, I am 
induced to lay before that body a portfolio of my contraction, 
which I perfuadc myfelf poiTefTes every advantage that can be 
wifhed. ” 

The difficulty, or rather the impoffibility of obtaining cafes or 
port-folios, as large as are fometimes requifite, has given rife 
to many expenfive contrivances, to the fame end; or large 


« Quicquid ex phaenomehis non deducltur, bypotiejli Tocaada 
ell.*' Princ. LlII. in Bruckeri Hiil- Crit. Phil. Tom. IV. p. 
f Society of Arts, 1803, ^ 

printof 
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prin(«^ &c. muft be kept in rolls, to their almoft certain de-McAod oft^aij 
firufiion, by frequency of rolling; or at lead are thus 
expofed to the danger of being cruQied by accident* Milled 
pafteboards, of which port-folios are made, are not manufac* 
tured above a certain moderate (ize; to exceed that hze in a 
port-folio, is an undertaking of no inconhdcrable trouble, in 
pading, glueing, and prelfiiig tliem together. On inquiring 
of Mr. Newman, of Solio-fquare, (a manufa£lurer of thefe 
arttclesj how* he managed to make port-folios above the ordi¬ 
nary dimenfions informed me, it was an undertaking of 
trouble, and related his having made one for a gentleman, by 
attaching dxteen of the larged milled boards together; that 
the materials alone cod five guineas; and that its weight was 
greater than one man could lift. 

My method of condfu^ion obviates all difadvantages— 
weight, expence, and trouble; and port folios of any dimen* 
dons may very readily be manufadtured by the dmple appli¬ 
cation of two draimng-frames, covered on both tides with 
canvas, and papered; and conne6led, as all port-fblios are, by 
leather at the back, or with wooden backs, the fides being 
conncflcd by hinges. Thus a port-folio may be made capable 
of holding the larged cartoons, maps, and prints; and puded^ 
ing another great advantage, befides that of not bellying or 
fwagging, when laid againd a wall, as* thofe condru6ted of 
padeboard do, to their own dedru6tion, and material injury 
of the things they contain. 

A frame of four feel by three will be drong enough, if made 
of deal. The diles are four inches wide by half an inch 
thick; and they have a middle upright dile of the fame width, 
with angle pieces al the corners, as is fliowp>'ti\the engraving. 

Fig. I. A frame of much greater dimenfions may require" 
two middle upright diles; and, if very large, a middlelongU 
tudinal^ile, as is (hown in the engraving. Fig. 2. 

If the frames are made of mahogany, they need not ex¬ 
ceed 3-16ths of an inch in Ihicknefs; but, of whatever wood 
tliey are made, it mud be well fcafoned. Or they will warp* 

A padlock may be applied to fucli cafes, for the prptediion of 
their contents. 

On this condrudion I have made two port-folios, one of 
which I have had in ufe thefe ten years. A handfome one, 
ol^tolerably large dimenfions, I have fent with this paper, for 

VoL. IX,— October, 1804>. K the 
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IfttM of caa-liia mfptAidn o( the Sacipty. The outer ftiies of it j^re q{ 

mahogany, which, beaded, forms fheoii* edge in a neat man* 
ner. Its fimple forms turn» iL& hgliinefs, aii.l its firm flatnefs, 
niiftbe obvious to every one; and 5 nrr of ojinnon theSomCly 
will obtain the thanks of ail < ami artiii, (if theythink 

it worthy of infertion in the Volume of their 1 ranfaflions) by 
making this fimple matter publicly known. For my own part# 
I lhall be highly gratified in having contribuieil to the comfort 
of arliftfi and coUe£lorS| in preferving their valuable refearches* 

I ami Sir, 

Your obedient Servant, 

JAMES MALTON. 

Korton^fire^t, June 25 1 1802. 

Reference to ihe Engraving, Plate YllL 

Fig* 4. One of the fides of the frame for a port-folio, the 
dimenfions four feet by three; it may be made of deal or fir 
wood* The (tilesi four inches wide by'half an inch thick; 
the middle upright fide to be of the fame width. It (hould 
bave angle pieces within the forners, to keep them firm. 

Fig, 3. Shows a fide of another frame, where much larger 
dimenfions are required; it (liould then have two upright fiiles, 
and a middle longitudinal fliie, all within the frame, and angle 
pieces at the corners. If it is made of mahogany, infteod of 
deal, the fiiles may be reduced nearly one-fourth in breadth and 
thicknefs; the wood, in either cafe, fliould be well feafoned, 
that it may not be liable to w'arp. 


£xp. 2* So 
liWfwife the 
CTfftcd fringes 
of Grimaldi* 


• XVII. 

Experiments and Calcidatiom relative to Phjifical Optze^, By 
Thomas Youkg, AJ. D, F, H, S, From the Philtftttphical 
Tranjlieiions for 180 -t. • 

(Concluded firom p. 64.) 

Exper, 2. T'HEcrefted fringes deferibed by the ingentoiu 
and accurate Grimaldi, afi'ord an elegant variation of tho 
preceding experiment, and an interefling example of a calcu- 
iaiion grounded on it. When a fliadow.is formed by an ob» 
jecl which ba9 a re£langular termination} befides the ufual 

« terral 
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tomoi fringes, there are two or three aUernatioorof cokttffl^ 
beginning from the line which bifeds the angle, difpofed on 
each Gde of it, in carves, which are convex towards the bi-* 
fedling line, and which converge in fome degree towards it, as 
they become more remote from the angular point* Thefe 
fringes are alfo the joint effect of the light whicli is inflected 
direAly towards the (hadow, from each of the two outlines of 
the obje^ For, if a fcreen be placed within a few inches qS 
the objed, fo as to receive only one of the edges of the lhadowt 
the whole of the fringes difappear. If, on the contrary, the 
reflangular point of the fcreen be oppofed to the point of the 
fhaduw, fo as barely to receive the angle of the fliadow on 
its extremity, the fringes will remain undifturbed. 

11. COMPARISON OK MEASURE^, D£DUCED PROM VARIOUS 

EXPERIMENTS* 

If we now proceed to examine thedimeniions of tlie fringes, ComptrUbn of 
under different circumftances, we may calculate the differences 
of the lengths of the paths defcribed by the portions of light, 
which have thus been proved io be concerned in producing 
thole fringes ; and we fliall Giid, that where the lengths are 
equal, the light always remains white; but that, where either 
the brighteft light, or the lighl of any given colour, difappears 
and reappears, a hrfl, a fecond, or a third time, the differences 
of the lengths of the paths of the two portions are in arithme¬ 
tical progreffion, as nearly as we can expe£l experiments of this 
kind to agree with each other. I (hall compare, in this point of 
view, the meafures deduced from feveral experiments of New* 
ton, and from feme of my own. 

In the eighth and ninth obfervations ^of the third book of 
Newton's Optics, fome experiments are related, w^ich, toge* 

Iher with the third obfervation, will furniih us with the data 
neccGary for the calculation. Two knives were placed, with 
Ihdir edges meeting at a very acute angle, in a beam of the fun's 
light, admitted through a fmallaperture; and the point ofcon-i 
courfe of the two firft dark lines bordering the (hadows of the 
refpeftive knives, wasobferved atvariousdifiances. Therefults 
of fix obfervations are expreffed in the firft three lines of the 
firft Table. On the fuppofition that the dark line is produced 
by the firft interfisrence of the light refleded from the edges of 
knives, with the light paffing in a ftraight line between them, 

^ K2 we 


191 

S 


rUTSICAL dFTlCS» 

we may aflSgn, by calculating the difference of the two paths, 
the interval for the firll difappearance of the brightefl light, as 
it is expreffed in the fourth line. The fccond Table contains the 
refults of a (imilar calculation, from Newton’s obfervations on 
the (hadow of a hair; and the third, from fome experiments 
of my own, of the fame nature: the (econd bright line being 
fuppofed to correfpond to a double interval, the fecond dark 
line to a triple interval, and the fucceeding lines to depend on 
a continuation of the progretfioin The unit of all the Tables 
is an inch. 

Table I. Obf. 9. N. 

Diffance of the knives from the aperture . . « 101. 

Diftances of the pa- 

perfromtheknivcs 11, 3}, 8^, 32, 96, 131. 

Diftances between 
the edges of the 
knives, oppoiite 
to the point of 

concourfe - .012, .020, •034, .057, .081, OS7. 

Interval of difappearance aooooizi, *0000155, *0000182, .0000167, .0000x66, ,0000x66. 

Table II. 06/1 3. N. 

'Breadth of the hair . - 

Diftance of the hair from the aperture 

Oiffances of the fcale from the aperture * 

^ (Breadths of the lhadow - . - 

Breadth between the fecond pair of bright lines 

Interval of difappearance, or half the difference 
of the paths - - • ' • ^ 

Breadth between the third pair of bright lines 

Interval of difappearance, | of the difference 

Table III. Expert 3. 


Breadth of the obje6l . - - - - .4*34, 

Dillance of the objeft from the aperture - - - 125. 

Diftance of the wall from the aperture ... 250. 

Diliance of the fecond pair of dark lines from each other 1..167. 

Interval of difappearance, ^ of the difference >• .0000149, 
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Exper, 4. 

Breadth of the wire .OSS* 

Didance of the wire from the aperture ^ ^ . 32. 

Didance of the wall from the aperture ... 250» 

(Breadth of the (hadow by three 

meafurements - » .815, ,826, or .827; mean, .823.) 

Didance of the drd pair of dark 

lines .... J.163, 1.170, or 1.160; mean, 1.165. 

Interval of difappearance ...» ,0000194. 

Didanceofthe fecond pairof dark 

lines ... - 1.402, 1.395, or 1.400; mean, 1.399. 

Interval of difappearance . .0000137. 

Didancc of the third pair of dark 

lines . - ^ . 1.594, 1.580, or 1.585; mean, 1.586. 

Interval of difappearance . - . • .0000128. 


It appears, from dVe of the fix obfervations of the firfi Table, 
in which the didance of the fliadow was varied from about 3 
inches to 11 feet, and the breadth of the fringes was increafed 
in the ratio of 7 to 1, that the difference of the routes condi- 
tuting the interval of difappearance, varied but one-eleventh 
at mod; and tliat, in three out of the five, it agreed with thq 
tiiean, cither exadly, or within Hence we are war¬ 

ranted in inferring, that the interval appropriate to theextinClion 
of the brighted light, is cither accurately or very nearly 
eondant. 

Hut it may be inferred, from a comparifon of all the other 
obfervations that when the'obliquity of the reHe£tion is very 
great, fome circumdance takes place, which gaufes the interval 
lims calculated to be fomewhat greater: thus, m the eleventh 
line ot the third Table, it comes out one-fixthgreater*than the 
mean the five already mentioned. On the other hand, the 
mean of two of Newton’s experiments and one of mine, is a 
refult about one-fourth lefs than the former. With refpefl to 
the nature of this circumdance, I cannot al.prefent form a de¬ 
cided opinion; but I conje£iure that it is a deviation of fome of 
the light concerned, from the redilinear diredlion affigned to it, 
arifing cither from its natural didraflion, by which the mag¬ 
nitude of the (hadow is alfo enlarged, or from fome other un¬ 
known caufe. If we imagined the (hadow of the WVC| and the 
^ ^ fringes 
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Compfrifon of fringes neareft U, to be fo contra£led that the motion qf the 
meafures. bounding the {hadow might be reflilinear, we (hould thus 

make a futGcient compenfation for this deviation; but it is di& 
iicult to point oat what precife tra£l of the light would caufii 
it to require this corre£tion. 

The mean of the three experiments which appear to have 
been lead afTeded by this unknown deviation, gives .0000127 
for the interval appropriate to the difappearance of the brighted 
light; and it may be inferred, that if they had been wholly 
exempted from its effe£ls, the meafure would have been fome- 
what fmaller. Now the analogous interval, deduced from the 
experiments of Newton on thin plates, is .0000112, which is 
about onc-eighth lefs than the former refult; and this appears 
to be a coincidence fully fufficient to authorife us to attribute 
thefe two clafles of phenomena to the fame caufe. It is very 
eadly (hown, with refpedl to the colours of thin platesi that 
each kind of light difappears and reappears, where the differ¬ 
ences of the routes of two of its portions are in arithmetical 
progreflion; and we have feen, that the fame law may be in 
general inferred from the phe^iomena of difira£led light, even 
independently of the analogy. 

The diftribution of the colours is alfo fo fimilar in both cafeSf 
as to point immediately to a fimilarity in the caufes. In the 
thirteenth obfervation of the fecond part of the firft book, 
Newton relalesi that the interval of the glaffes where the rings 
appeared in red light, was to the interval where they appeared 
in violet light, as 14 to 9; and, in the eleventh obfervation of 
the third book, that the diffances between the fringes, under the 
fame circumffances, were the 22d and 27 th of an inch« Hence, 
deducing the l^ea^th of the hair, and taking the fquares, in 
order to find the relation of the difference of the routes, we have 
the proportion of 14 to 9|, which fcarcely differs from the pro¬ 
portion obferved in the colours of the thin plate. c 

We may readily determine, from this general principle/the 
form of thecreffed fringesof Grimaldi, already defcril^d; for 
it will appear that, under the circumffances of the experiment 
related, the points in which the differences of the lengths of the 
paths deferibed by the two portions of light are equal to a con- 
flant quantity, and in which, therefore, the fame kinds of light 
ought to appear or difappear, are always found in equilateral 
hyperbolas, of which the astes coincide with the outlines of 

fliadow. 
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fliftdoWf and the afymptotes nearly with the diagonal linCA ' 

Such, therefore, muft be the dtreflion of the fringes; atid 
this condulion agrees perfectly with the obfervation. But It 
mud be remarked, that the parts near the outlines of the (ha« 
dow, are fo much fliaded off, aR to render the'charafler of the 
curve fbmewhat lefs decidedly marked where it approaches to 
its axis. Thefe fringes have a flight refemblance to the hy* 
peibolic fringes ofaferved by Newton; but the analogy is only 
diflant. 

III. application to the supe&numkua&y rainbows. 

The repetitions of colours fometimes obferved within the Application of 
common rainbow, and deferibed in the Philofophical Tranfacij!)® ®f 

.• irxT •• am* I • • li* f‘ intcFicrcnCg 

tions, by Dr. Langwith and Mr Daval, admit alio a very caiy of light t > the 
and complete explanation from the fame principles. Dr. Pem- 
berton has attempted to point out an analogy between ihefeco-langwith and 
lours and thof'e of,thin plates; but the irregular reflexion Daval. 
from the poftenor furface of the dropi to which alone he attri¬ 
butes the appearance, muft be far too weak to produce any 
vifible eff'ds. In order to underfland the phenomenon, we have 
only to attend to the two portions of light which are exhibited 
in the common diagrams explanatory of the rainbow, regularly 
reflc£led from the poflerior furface of the drop, and crofling 
each other in various directions, till, at the angle of the great* 
efl deviation, they coincide with each other, fb as to produce, 
by the greater intenfity of this redoubled light, the common 
rainbow of 41 degrees. Other parts of thefe two portions 
will quit the drop in diredtions parallel to each other; and thefe 
would exhibit a continued diffuflon of fainter light, for 25* 
within the bright termination which forrns^ the rainbow, but 
fur the general law of interference, which, as in other fimilar 
cafes, divides the light into concentric rings; the magnitude 
of theft rings depending on that of the drop, according to the 
difference of time occupied in thepaflage of the two portions, 
which thus proceed in parallel direftions lb the fpedlator^s eye, 
after having been differently refradled and refledled within the 
drop. This difference varies at firft, nearly as the fquare of 
^he angular dillance from the primitive rainbow: and, if the 
lirfl addhlonal red be at the diflance of 2*^ from the red of di6 
rainbow, fo as to interfere a little with the primitive violet, 
tite fourth additional red will be at a drfhtoce of nearly 2? 

more | 
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‘ Applifation of 
,the doArine of 
she interference 
of light to the 
fuperniunerary 
Tainhows of 
Langwith and 
Pavali 


xxwre; and Ibe intermediate colours will occupy a fpace i^parly 
equal to the original rainbow. In order to produce this effefi* 
the drops mud be about of an inch, or .013, in diameter: 
it would be fuSicient if they were between and The 
reafon that fuch lupemanierary colours are not often feen, 
mud be, t!iat it does not often happen that drops To nearly 
equal arc found together: but, that this may fometimes 
happen, is not in itfelf at all improbable: we meafure even 
medicines by dropping them from a phial, and it may eafily 
be conceived that the drops formed by natural operations may 
fometimes be as uniform as any that can be produced by art. 
How accurately this theory coincides with the obfervation, 
may bed be determined from Dr. Langwilh’s own words. 

Auguft the lild, 1722, about half an hour pad five in the 
evening, weather temperate, wind at north-cad, (he appear- 
rancG was as follows; The colours of the primary rainbow 
were as ufual, only the purple very mucli inclining to red, 
Und well defined : under this was an arch'of green, the upper 
part of vviiich inclined to a bright yellow, the lower to a more 
dufky green : under this vverq^iltcrnalely two arches of reddilh 
purple, and two of green: under all, a faint appearance of 
another arch of purple, which vanillied and returned feveral 
times fo quick, that we could not readily fix our eyes upon it. 
Thus the order of the colours was, i. Red, orange-colour, yel¬ 
low', green, light blue, deep blue, purple, ii. Light green, 
dark green, purple, iii. Green, purple, iv. Green, faint 
vanifiiing puiple. You fee we had here four orders of colours, 
and perhaps the beginning of a fifth; for I make no quedion 
but that what J call the purple, is a mixture of the purple of 
each of the uppei^ [eries with the red of the next below it, and 
the green a mixlqre pf the intermediate colours, 1 fend you not 
this account barely upon the credit of my own eyes; for there 
was a clergyman and four other gentlemen in companyi whom 
I defired to view the colours attentively, who all agreed, 
that they appeared in the manner that I have now deferibed. 
There are two things which well deferve to be taken notice of, 
as they may perhaps dired us, in fome meafure, to the folution 
of this curioqs phenomenon. The fird is, that the breadth of 
|he fird feries fo far exceeded that of any of the red, that, as 
near as 1 could judge, it was equal to them all taken together. 
The fpeond is, that { have never obferved thefe inner ord^s 
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of colours in the lower parts of the rainbow^ though they bavo * 

often been incomparably more vivid than the upper parts, 
under which the colours have appeared, 1 have taken notice 
of this fo very often, that 1 can hardly look upon it to be ac¬ 
cidental; and, if it fliould prove true in general, it will bring 
the difquifition into a narrow conipafs; for it will fliow that this 
eflTefl depends upon fome property which the drops letuin, 
whild they are in the upper part ot the air, but lofe as they 
come lower, and are more mixed with one anothei,^^ Phil. 

Tranf. Vol. XXXII. p. 243. 

From aconfideration of the nature of the fecondary rainbow, 
of 54®, it may be inferred, that if any fucli fupernurnerary 
colours, were fecn attendiiig this rainbow, they would neccifii- 
rily be external to it, inflead ot internal. The circles fomellmes 
feen cncompafTing (iie obferver^ thadow in a mill, are peihaps 
more nearly relaltnl to the coiuinou colours ul thin plates as 
ieen by rcllection. 

JV. AaoUMKNTATI VE IKMELKCE R Kb P ECTIN O THE 

NATURE or LIGHT. 

* 

The experiment of Grimaldi, on the crefted filnges within Argumenuiivc 
the fliadow, togcllier with foveral others of his obforvations, 
equally important, has been left unnoticed by Newton. I’hoi'e 
wlio are altuched to the Newtonian theory of light, or to the 
hypothefesof modern opticians, founded on views tlill Icfs eiw 
larged, would do well to endeavour to imagine any thing like 
an explanation of thefe cx[)erimcn(s, derived from their own 
<l«j£lriiies; and, if they fail in the attempt, to refrain at leafi 
from idle declamaliun againft a fydem which is founded on the 
accuracy of its application to all Ihefe faftsj ajid to a thouland 
ethers of a Qniilar nature. 

From the experiments and calculations which have been Homogeneous 
p^einifcd, we may be allowed to infer, that homogeneous 
li^.it, at certain e(jual ditlances in the diredion of is motion, djfta„ces along it* 
is pofTefTe^ of oppotite qualities, capable of neutraliling or by which 
dethoying each other, and of extinguifliing the light, where "A'inaion^oT'^ 
they happen to be united; that thefe qualities fucceed each the light may be 
piher alternately in fucceflive concentric fuperficies, at 
tances which are cunflant for the fame light, palTing through 
the fane medium. From the agreement of the meafures, 

Iron tb^ diRtlvit^ of the phenomena, we may conclude, 

that 
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• that thefe intervals are the fame as are concerned io the 
produdion of the colours of thin plates; but thefe are thown, 
by the experiments of Newton, to be the fmaller, thcdenfer 
the medium; and, fince it maybe prefumed that their num*- 
ber muft neceflfarily remain unaltered in a given quantity of 
tight mov«_ light, it follows of courfe, that light moves more (lowly in a 

^ rarer medium: and this being granted, it 
muft be allowed, that refraction is not the effeCt of an attrac¬ 
tive force directed to a denfer medium. The advocates (of 
the proje^ile hypothefis of light, muft confider which link in 
this chain of reafoning they may judge to be the mo(l 
feeble; for, hitherto, 1 have advanced in this Paper no ge* 
tight and found neral hypothefis whatever. But, fince we know that found 
ftrongly refemble diverges in concentric fuperlicies, and that mufical founds 
* confift of oppofite qualities, capable of neutralifing each 
other, and fucceeding at certain equal intervals, which are 


There is pro¬ 
bably no infle£t« 
ing medium. 


Practical appli¬ 
cation of the 
fa^i. 


different according to the difference of the note, we are 
fully authorifed to conclude, tliat there muft be fome ftrong 
refemblance between the nature of found and that of light. 

I have not, in the courfe tof thefe inveftigations, found 
any reafon to fuppofe the prefence of fuch an inffeCling me¬ 
dium in the neighbourhood of denfe fubfiances as 1 was for¬ 
merly inclined to attribute to them ; and, upon confideriiig 
the phenomena of the aberration of the ftars, I am difpofed 
to believe, that the luminiferous ether pervades the fub- 
ftance of all material bodies with little &i no refiftance, as 
freely perhaps as the wind paffes through a grove of trees. 

The obfervations on the effeCls of diffraClion and inter¬ 
ference, may perhaps fometimes be applied to a practical 
purpofe, in making«us cautious in our conclufions refpeCiing 
the appearances of minute bodies viewed in a microfeope. 
The fliadow of a fibre, however opaque, placed in a pencil 
of light admitted through a fmall aperture, is always 
what lefs dark in the middle of its breadth than in the pihs 
on each fide. A fimilar effeCl may alfo take place, in f')me 
degree, with refped to the image on the retina, and impref's 
the fenfe with an idea of a tranfparency which has no real 
exiftence: and, if a fmall portion of light be really tranf* 
mitted through the fubftance, this may again be deiroyed 
by its interference with the difffraCled light, and produce an 
appeacmee of partial opacity, inftead of uniform feoaitranf^ 

3 parepey. 
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pare^y« llius^ a central dark fpot, and a light fpot fur* ' 

ro^nded by a darker circle, may refpe'dively be produced 
in the images of a femitranfparent and an opaque corpufde; 
and tmprefs us ivith an idea of a complication of flrudure 
which does not exift. In order to dete£i the fallacy, we 
may make two or three fibres crofs each other, and view a 
number of globules contiguous to each other; or we may 
obtain a Hill more effedlual remedy by changing the magni¬ 
fying power; and then, if the appearance remain conflant 
in kind and in degree, we may be alTured that it truly repre* 
fents the nature of the fubliance to be examined. It is na¬ 
tural to inquire whether or no the figures of the globules of 
blood, delineated by Mr. Hewfon in the Phil. Tranf. Vol. 

LXIII. for 1773, might not in fome meafure have been in¬ 
fluenced by a deception of this kind: but, as far as I have 
hitherto been able to examine the globules, with a lens of 
onc-fiftieth of an inch focus, I have found them nearly^ fuch 
as Mr. Hewfon has defcribed them. 

REMARKS ON THE COLOURS OF NATURAL BODIES, 

Exper. b. 1 have already adduced, in illuflration of New- On the colouts 
ton's coniparifon of the colours of natural bodies with tbofe®^<^*f“f»lbodiew 
of thin plates. Dr. Wollaflon’s obfervalions on the blue light 
of the lower part of a candle, which appears, when viewed 
through a prifin, to be divided into live portions. I have 
lately obferved a (imilar inflance, flill more ftrongly marked, 
in the light tranfmitted by the blue glafs fold by the opti¬ 
cians. This light is feparated by the prifm into feven dif- 
tirid portions, nearly equal in magnitude, but fomewhat 
broader, and iefs accurately defined, tourercVi the violet end 
of the fpeclrum. The firft two are red, the third is yellow- 
ifli greeni the fourth green, the fifth blue, the lixth bluifh 
violet and the feventh violet. This diviflon agrees very 
ne'arly with that of the light reflefted by a plate of air 
of an inch in ihicknefs, correfponding to the llih feries of 
red and the 18tli of violet. A fimilar plate of metallic oxide, 
would perhaps be about ttubu thicknefs. But 

it mud be confelfed, that there are Hrong reafons for bdiieving 
the colouring particles of natural bodies in general to be in¬ 
comparably fmaller than this; and it is probable that the 
analogy; Aiggetted by Newton, is Ibmewhat Iefs clofe than 

he 
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he Imagined. The light reflefied by a plate of air, anjp 
thicknefs nearly correfponding to the I Ith red, appears to 
the eye to be very nearly wdiite; but, under favourable cir- 
cumftanc^s, the 11th ic-d and the neighbouring colours may 
IHII be diftinguiflied. The light of fomc kinds of coloured 
glafs is pure red; that of others, red with a little green; 
foine intercept all the light, except the exireme red and the 
blue. In the blue light of a candle, expanded by the prifm, 
the portions of each colour appear to be narrower, and the 
intervening dark fpaces wider, than in the analogous fpeSrum 
derived from the light refle^ed from a thin plate. The light 
of burning alcohol appears to be green and violet only. The 
pink dye (bid in the (liop^, whicli is a preparation of the car* 
thamus, affords a good fpecimen of a yellow green light regu-^ 
larly reflcfled, and a eritnlon probably produced by tranrmiflion. 


VJ. EXP12R IMliNT CM THE DARK KAYS OF RITTER. 


Da>k rays of 
Rittfr obfeivcd 
a’fo by Dr. 
Woli^lton. 


T?i?y a>c re. 
flt'Clcd fioj'.i a 
thin pUtc of air 
wiih the lame 
inudificanon of 
rings as v.Hbb 
light is. 


Kxper, (). The exideiu'c of folar rays accompanying light, 
more refrangible than liie violet rays, and cognifable by their 
chemical eflccl'i, w'as (irft afce^iained by Mr. Ritter: but Dr. 
Wollafton inatle the fame experiments a very (horl lime after¬ 
wards, wiihoLit having been informed of what had been dono 
on iheConlincnt- Thcfe raysappear locxtcnd beyond the violet 
i;jysof the prilmalic (pr*ctruin, through a (pace nearly ecpial to. 
that wliicli is occupied by the violet. Trj order to complete (Itc 
cumpaiiron of their properties with thole of vifible liglifj I was 
defnousof examining the eJecl of their rcilcdion from a thin 
plate oi air, capable ol producing the well known rings of co¬ 
lours. For this purpol’c, I formed an image of the rings, by 
means of the fcjaMnicrofcope, with the apparatus which I 
have deferibed in the Journals of the Royal Inflitiition, and I 
threw lhis*image on paper dipped in a lolution of nitrate of 
filver, placed at the ditiance of about nine inches fr(^ the 
microfeope. In the courfe of an hour, portions of three dark 
rings-were very didmflly vihble, much finaller than thebriglit- 
cll rings of the coloured image, and coinciding very nearly, 
ill their dimenfions, with the rings of violet hgiit that appeared 
upon the interpofiiion of vioiet glafs. I thought the dark rings 
were a little fmaller than the violet rings, but the difference 
was not fufficiently great to be accurately afeertained; it might 
be as much as jV or of the diameters, but not greater. 
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h ih« tofs fiirprlfing that the difTerence (fioultl be to rmalf, 
the (iimenlionsof the Coloured rings do not by any means vary 
at (he violet end of the fpedtrum^ To rapidly as at (he red end. 

For performing this experiment with very great accuracy, a 
helioflalc would be necelTary, (ince tlie motion of the fun 
caules a flight change in the place of the image; and leather, 
impregnated with the muriate of filver, would indicate the 
effedl with greater delicacy. The experiment, however, in 
its prefent (fate, is fulHcient to complete the analogy of the 
invifible with the vifible rays, and to (how that they are 
equally liable to the general law w’hich is the principal fub- 
je£t of (his Paper. If we had tliennomefcrs fufliciently deli¬ 
cate, it is probable that wc might acquire, by limilar means, 
information (till more intcrefling, with refpefl to the rays of 
invifible heat dilcovered by Dr. Herfchel; but at prefent there 
is great reafon to doubt of the pradicabilily of fuch an expe¬ 
riment. 


SCIENTIF/C NEWS, yICCOUNT OF BOOKS, 

National rnfliiute. 

The clafs of mathematical and phyfical fciences of the National Intli- 
French National Infiitute had a public fitting on the (Slh Meffi- pnies- 
dor (June 25.) The fubjefis appointed for prizes were the. 
following: 

Mathematics. ** It is required to give a theory of the per- Planet Palin, 
turbations of the planet Pallas, difeovered by M. Olbers.^' 

The prize will be a gold medal, weighing one kilogramme, 

(:i5|oz. avoirdupois.) 

Natural Philofophy. The clafs had propefed for the fubjeft Carbon in vege 
of a prize the following queflion. To determine by experi- *"***®’** 

ment the different fources of carbon in vegetables.” The 
concur-^nce is prorogued until the Iff Germinal in the year 13 
(Mtfrch 22, 1305.) 

The concurrence for the prize upon the following queflion Torpid ftate of 
is alfo prolonged to the fame period. " To determine by ana- '*“®**^*^» 
tomical and chemical obfervations and experiments, what are 
the, phenomena of (he torpid flate to which certain animalsi 
fuch as marmots, dormice, &c. are fubjeft during (he winter, 
with refpeft to the circulation of the blood, refpiration, and 
iriptAbility; to invefligate the caufes of this fleep, and why 
it is peculiar to thefe animal.” 


The 
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Phesof new 
fUwts. 


liKWf. 

vnlde of &efe two prises is doaUed, aaii coiittAs hk 
two kilogrammea of gold stout 6800 francs each (c£289.) 

The ciafs had propofisd for the fecond time, the l5th Ger« 
minaf oF tbe year 10^ as the fubjed of a prize to be decreed 
in the public fittingof Meffidor, the following cfueftton. 

What are the charaders which difiinguifiTf in vegetaUe 
and animal matters, thofe bodies which ferve as ferments from 
thofein which they produce (hellate of fermentation.” 

The memoirs received not having anfwered the conditions 
of the prograb, and the ciafs confidering that this qoeftioA 
has been four years before the public, the fubjeA is now svith* 
drawn* 

Aftronomy* Mr. Piazzi of Palermo has obtained the prize 
founded by M. De Lalande, in fkvour of the perfon who flimtl 
have made the moil interefting obfervation^ or written the 
moil ureful memoir to theprogrcfs of aftronomy. Mr. Ptani 
is the diicoverer of the planet Ceres. ^ 

The readings delivered during the fitting were as follow i 

1. Notice of the labours of the ciafs during the year; the 
mathematical part by M. Delambre, 2. Notice of their la* 
tours; the phyiical part by M. Cuvier. 3. Account ef a 
pliyficu-mathematical theory of currents of water, by M. 
Frony. 4. A note refpedling the amelioration of (heep in the 
fotttb of France, by M. Teflier, 5. General reflexions on the 
productions of the vegetable kingdom in the Pyrenean moun« 
tains by M. Raymond. 6. RefleXions on heat, by Count 
Rumford. 7. ExtraX of a memoir tending to illuflrate the 
oeconomical hiflory of vegetable.^ cultivated or naturally grew- 
ing in the Canaries, by M. Brouflbnet. 

c 

» • 

% 

Extra6i <if a Letterfiom PaoFESsoa Afironomer Reyal, 

, to Mr. A, F. Tboelden. ^ 

*1 

Dated Berlin, Sef/t. 18. 

ON the firft of September Mr. Harding difeovered, at 
Lilienthai, a new moveiUe flar; it appears to be of theoighth 
magnitude; its motion retrograde towards the South. Frobe* 
b)y this may be another new planet in the orbit of Cores eod 
Pallas. 


lASe^t 


seiBKTtric iriwiy &c. 

IftSept. 10“.—Even, RA. 2® 24f Decl. 0® S7'—N- 


5 — 

11 

8' 

- 

1 

51 

51" 

- 0 

11 

28 " S. 

8 — 

8 

11 

- 

1 S9 

28 

- 0 

47 

19 - 

10 — 

8 

15 

• 

1 

12 

55 

. 1 

11 

55 - 


Tlie two lail obfcryaltons were made by Dr. Olbers^ at 
Bremen. I received this intelligence yefterday* but at prefent 
this fmall planet (there are now three) is not difcoverable, on 
account of the moon^fhine. 
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Extras of a Letter from Mr, G. B. Gr enough. 

• ft » • There is an overfight in the hafty account I fcnt Corre^Ionof a 
you of the Abbd Melograni's blow-pipe. No provifion is 
made for admitting the external air. This may be done by grani*s blow- 
feveral means. It may be admitted through that part of tlie 
axis which is oppofite the nozel; but as this would require 
Tome contrivance which would render it defefiive in fimplK 
cityi I (hould prefer Iho addition of a fmall valve opening in¬ 
wards at that part of each velfel which is immediately oppo¬ 
fite the neck that joins them. Whether this method was ufed 
in the aftual infirument 1 cannoti at this difiance of timei re- 
colle£l. 


Organic Eemains of a former World. An Examination ff the 
Mineralized Remains of ike Vegetables and Animals of the An* 
tediluvian World, gentrally termed extraneous Foffils, By 
James Parkinson^ Hoxton. VoL I. containing the Vege* 
talk Kingdom. 4to. pp. 471. Viith 10 Plates (^2 2 0) 

Robjim, Sfc. 

AS it would be impraflicable in the general announcement Psrkinfon’s or- 
of a work of the magnitude and importance ot the prefent to 
give the reader any well filled outline of the plan, l^ufi con¬ 
fine i^felf to fiate in few words, that the defeription and elu<^ 
cidation of organic follil bodies, though in many points of 
view of the higheft intereft, has not yet conflituted the fub- 
jed of 8 general treatife; notwithfianding the various confi* 
derations refpeding the local, the individual, and the diemi- 
cal hiftory of Uiefe wonderful bodies have occupied the re- 
fearches of many able philofophers in detached memoirs; and 
that the compofition of fuch an hifiory demands a great ex¬ 
ertion of labour, in confulting and digefiing what has been 

done 



AtCdCKT OF BOOKS* 



^ArkiVoa*9 or. done by odter% an accurate, geo1o|pcal, and chemicaljrieSr 
gaalc remaiDk which fcicntific conclufions Of dedudiotis 

may be grounded, and above all, an ardent Gurioflty, with 
adequate tenure and means to become acquainted with the 
fpecimens themfelves:—And, after this preface, I mutt add, 
that fortunately for the advancement of this branch of know-* 
ledge, the author of the prefeiit work has amply vindicated 
his claim to thef^ reqiiitites. 

The work is written in the form of letters, and enlivened 
by an adoption of the ftyle and feme of the incidents of a 
traveller. Much of ufeful fcience and clear explanations of 
the fubje£t are to be found in the pages of this volume. The 
abridgements from other authors are full, and the quotations 
always given with the volume and page, which 1 mention 
more readily, as a flovenly habit of loofe quotation, or not 
quoting at all, is but too common, even with our writers of 
inerU, Nine plates of the fubjefts are given, which do the 
higheft credit to the detigner and engraver, Springfguth, for 
their delicacy and beauty, and confiderable pains have been 
taken in colouring them. Thg frontispiece, reprefenting the 
Ark upon Mount Ararat, dehgned by Corbould, is happy and 
appropriate; though the artifl has taken a pi£lorial licence to 
^ reprefent the fun and the rainbow nearly on the fame azimuth, 
for which neither opticians nor correct obfervers will be dif* 
pofed to excufe him. 

The volume yet to be publifhed will contain the animal king¬ 
dom; a fubjed perhaps fti 11 more atlradlive than the vegeta¬ 
ble. In the remains of extinct vegetables, we appear to con¬ 
template the phyfical economy of a world long ago obliter^ 
ated; but in ttiofe^of animals, wefeem to behold fomething 
that gives a glimpfc into the moral relations of thofe beings of 
pad ages who exiiled upon its fur&ce. 



jrp,244. 
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•ARTICLE I. 

bejtripiion of a Tattov) Lamp, which regulates its Supply by a 
Jpontaneous Movement. Mr,* John Whitley Boswell. 

Comrrtli/iicated by the Inventor, 

To Mr. NICHOLSON. 

SIR, 

The condant attention which candles demand from theOefcrlptSonofa 

frequent fnufBng they require, and the continued variatioti^"°P Churning 

of their light in the intervals of this operation, on the one” * 

hand, and on the other the expence and trouble which oil 

lamps occafion, together with the difagreeable fcent they in 

general produce, have rendered the contrivance of a good 

lamp for burning tallow, a defirable objedl to fevbral f6r a 

long tjpie* 

t hope, therefore^ the defcription I fend of a lamp for tliis 
purpofe, which poflelTes fome valuable properties, will be 
acceptable to you. 

The befi lamp for burning tallow which I had^n before 
I contrived thiS) was one invented by Mr. March, of Bam- 
fiaple, in which the'tallow kept contfuually melted in a vellel 
fufpended over the flame, was admitted by a fmall pipe to the 
hmwT ,, and the fuppty regulated by a Und of -cock attached 
^ VoL, 1 X.-»November, 1804. L 
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^ De(c|}ptioi\3f a to the pipe: But this method occafioned a wafte from the 

evaporation of the melted tallow, and befides, required much 
attendance to regulate the cock and keep the tallow vefTel at a 
proper diflance froga the flame; for the alteration of the tem¬ 
perature of the melted tallow, which was very frequent from 
many caufes, continually changing its degree of fluidity, 
caufed it to vary in its fupply through the pipe propor¬ 
tionally* 

It occurred to me fome time after I faw this lamp, that one 
might be contrived in which the tallow (hould only be melted 
as it was confumed, and other of the inconveniences be re¬ 
moved to which the flrfl was fubjecl; and I made then a 
rough drawing of a lamp for this purpofe, but other more 
interefiing matters prevented my having one made on that 
plan before tail December; It confifled of a trough fupported 
in an inclination of about 45 degrees, fimilar to the one in the 
figure, which held a fquare prifm of tallow; under this was 
placed a little oblong veflel of tin, formed fo as to move for¬ 
wards and backwards like a drawer, in front of which was 
placed a burner: a couple of wires placed acrofs the lower 
part of the trough, prevented the tallow from Aiding down 
beyond them, as it olhcrwife would from the obliquity of its 
fupport; but as it melted.by the heat from the burner, it 
fell in drops into the little drawer, fo as to fupply the flame, 
while the degree of this fupply was regulated by moving the 
drawer in or out, fp as to bring the burner nearer to, or fur¬ 
ther from Uie tallow. Ip this Aate, though it formed a very 
ufeful lamp, it was not fp perfefl as I could wifli; every al¬ 
teration of temperature of the apartment (which in cold wea¬ 
ther happens frequently) required a proportional alteration in 
the diflance of the burner from the tallow, to prevent the 
little drawer being either overflowed by a fuperabundance of 
melted tallow, or the flame ceafing from a deficiency of fup* 
ply. The attendance this circumflapee required induced*me 
to contrive tjic prefent lapop, or rather to improve the former, 
in manner following. 

I conceded (bat if the little pan, which held the melted 
tallpw 9 nd Aie burner, wa^ placed on the arm of a balance 
ipchn^ from 30 to 45 degrees from the perpendicular, and 
its freight copipenfated by a counterppife at the eKtremily of 
thp other arm^ that vyhpn more than a certain* quantity of tat 
y. lovr 
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{an Into !t^ It wouid (ink lower, and, in doing fo« mOveDelcriptioj of •• 
the burner ferther forward from the trough at the fame 
and vice herfUf and tims regulate (he fupply fpontaneoufly: 

But as it was necetfary that (he pan (holding a fluid) (hould 
always maintain an horizontal polition during its movement, I 
imagined this might be effe£led by placing another arm be¬ 
neath the balance-arm, and fixing a perpendicular piece, 
fo jointed to the extremity of each as. to move frefh and 
fleadily, which piece fliould fupport an horizontal (land for 
the pan. 

I had a lamp made In this manner, and found it anfwer my 
intention perfectly. It required no attendance whalfocver^ 
but regulated its fupply with preciflon; and afforded, like- 
wife, an agreeable fpedacle, having in its movements fome- 
what the air of thofe of an animal, from their cxa£l rela-* 
tion to an evident objedt, and adopting themfelves to all its 
changes. 

The lamp thus niade aflumed the form in the figure, PI. IX. 
where T reprefents the inclined trough for holding the tallow; P 
the pan for catching the tallow^as it melted, and holding the 
burner; F the flame and burner; R the perpendicular piece 
ftiftaining a fupport for the pan; B the balance moving freely, 
on its center in the (land S, and jointed to R as before de- 
feribed ; c the parallel arm ufed to keep R perpendicular, and 
by its means horizontal; w the counter weight, placed fo as 
to move on the extremity of B by a fefew. The flril frofly 
night (hewed me the neceflity of the addition of another part 
to remedy an inconvenience I had not forefeen ; the dropping 
tallow alfuming the form of an iflcle, joined the pan to the 
trough, and ijius (lopped its movement; it w^as trouble- 
fome to break this off as it occurred, 1 contrived the follow¬ 
ing means to prevent its formation: A little oblong (liding- 
piec^ the fame breadth as the trough, was placed cIo(e un- 
detneath its lower part; the extremity of this Aide was made 
angular, that the melted tallow might fall from a Tingle point; 
a wire reprefented at L, moved it back or forwards as re* 
quired: By this Aide the drop may be made to fall as clofe 
to the (Iream of burning air from the flame as is thought (it, 
and all congelation prevented. 1 afterwards added a fort of 
re(Ie6lor to the lamp, which confnlerably improved the light^ 
not merely ailing as its name implies, but aifo occafioning an 

L 2 incrcale 
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Defcrf^n of a increafe in the current of air which palTed the flanie^ rtn^ 

it fomewhat more bright, and confiderably more fteady. 
This part is reprefenled at D in the figure, and confifts of Iwo 
fide-piecei placed before the trough, but fo as not to obfiru£t 
the tallow, and bent forward to form an angle with its fides. 
To improve the light, I alfo ufe in the lamp five fmall diflin£t 
wicks, of three threads each, inflead of one large wick, placed 
near each other in a row, which renders the fiame clear and 
free from fmoke, and thereby alfo prevents any unpleafant 
fcent. 1 ufed this lamp for more than three months, and 
found it very convenient for reading or writing by, as when 
once lighted it required no farther attention, and kept its 
light at nearly the fame height at all times, and of the fame 
degree of intenfity; and I can further recommend it, as 
yielding the greateA light at the fmalleA coA, in proportion, 
of any invention yet made public which is applicable to do¬ 
me Aic ufes. , 

I have had two lamps of this kind carefully made by Mr. 

• Lloyd, No. 17S, Strand, and left with him as models: In 

one of which the chief objefbis cheapnefs, as far as confiAent 
with perfedion and neatncfs; in the other, to form an elegant 
utenAI for the Audy, office, or chamber; and any gentleman 
may be fupplied with them there, made exactly to my plan, 
on reafonable terms; and as Mr. Lloyd is the only perfon 
at prefent appointed to make them, and inArucled fully in the 
mechanifixi, they can be had perfedl from him only. 

It is probable wax might alfo be burned in this lamp as 
well as tallow; of this I cannot fpeak from experience, but 
mention it, as I know fome would prefer to ufe it. . 

1 am', Sir, 

« Your very humble fervant, 

J. WHITLEY BOSWELL. 

0&. 1804. 


Account 
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• II. 

Account qf a JUcceJ^ul Cafe in which Deafnefs was curbed by 
Pun^re qf the Membrana Tympani, By M, Maunoir, qf 
Geneva^ Communicated by Alzxa.uj>ek MablceTp A/. Z). 
Phyfician to Guy's HoJpitaL 


SIR, 


To Mr, NICHOLSON. 


The inclofed comtnuni'calion on the effedls produced in a IntroduAory 
cafe of deafnefs by the perforation of the tympanum of the*®^“*'* 
ear, is extraded from a letter which I have juft received from 
Mr. Maunoir, an eminent furgeon at Geneva. The hiftury of 
this cafe, drawn up by fuch an intelligent and accurate ob- 
(erver, appears to me curious, both from the phyftological re¬ 
marks which it contains, and from the ftriking illuftration 
which it affords of a new mode of praSice lately propofed in 
this country. And* as this fubjedt Teems fully as interefting 
in its philufopliical point of view, as in its conne£iion with 
praftical forgery, I fliould wilh^ if you think it propefi that 
you would give it a place in the next number of your valuable 
Journal. 1 have the honour to be. Sir, 

Your obedient humble fervant, 

ALEXANDER MARCET. 

St* Mary Axe, Oa* 16 , 1804 . 

Extraa of a Letter from Mr, Maunoir, furgeon at Geneva, 

dated 5th September, 1804. 

" Mr..F, of Geneva, aged forty years, had loft his hearing, A gentleman 
feveral years ago, in confequence of a JcAig^affediion of the 
pofterior part of the internal fauces, and it was evident, that, )[can cxtrcmclj 
in (his cafe, the euftachian tubes were obliterated. In con- 
denfij^ the air in his mouth and noftrils, he was totally unable 
to'diftendthe membrane of the tympanum, a thing which is 
very eafy to do for any one who enjoys a perfeA fenfc of hear¬ 
ing. He could fcarcely hear, even when you Ihouted in his 
ears, and altbdugb fo long deaf, he had not acquired the fa¬ 
culty of underffanding by the motion of the lips. After pe- 
ruflng the paper which I lately publifhed in the Bibliotbdque 
Britannique, Mr. F. conceived that he might be one of thofe 
in whom the hearing could be recovered by (he perforation of 

the 


deaf. 
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fenlibiiityt 


Some founds 
more audible 
than others. 


1»0- \ 

Punaure of the Ihe iympanutti. On the 14th of July laft, I performedUhat 
wic w'***'**^ operation on his right ear, in prefence of Mr. Jurine, with a 

very fmall trocar, about one eighth of an inch in diameter* At 
the inftant that the inflrument was withdrawn, wefpoke to 
him in a low voice; but inftead of anfwering, he remained 
immoveable in his chair, and fcemetl Hupified.—Then he cx- 
Inftantreflota- claimed “ For God’s fake gentlemen, don't cry out fo loud; 

me!" I then began to walk about the room,—The 
fqueaking of my boots made him fliudder and jump in his chair i 
and he covered his ear with his hand. The fnapping of the 
fingers quite difiraacd him, and feemed to produce upon him 
an fimilar to tlial of a pifiol fuddenly fired in the ear of 
a perfon not aware of it. When fpokcui to, though ina whif- 
per, he complained that we fpoke too loud. Yet in IpUe of 
this excefiive fenfibility to very inconfiderable noifes, there 
were other founds, not iefs difiindt, whicii he did not hear, 
even at a very little difiance; fuch for infiance as the ticking 
of his watch* So that his hearing feemed to be fometimes loo 
dull, fometimes too acute; becaufe, no doubt, the organ had 
lofi the faculty ofadjufiing itfi^If to the different modulations 
of found. A week after this, however, Mr, F. had loft that 
excefiive fenfibility which rendered acute founds almoft in¬ 
tolerable to him, and in fk£l he had already again learnt to hear. 
He then wifhed to have the other car perforated in the fame 
manner. I performed this operation, but without — 
Twenty days after this ferond operation, Mr. F. called upon 
The other ear tne. 1 examined his ears in a fine fun (hire, and could fee in 
out effeftright ear the membrane of the tympanum traverfed in its 

exterior part by a fmall cicatrix, having in its center a fmall 
hole w'hich was hardly perceptible. Yet the hearing was 
fcarcely diminifhed fince the firft operation. Fearing that this 
fmall aperture might clofe itfelf entirely, Mr. F. defired that 
I would perforate again the membrane of that ear, an'ept^ra- 
tion which was repealed without giving him any pain, but not 
without a (light increafe of fenfibility in his hearing. I after¬ 
wards examined the left ear, and having placed the meatus in 
the direfition of the fun's rays, I diflinclly perceived a falfe 
membrane adliering to the whole circumference of thepafiage, 
and perfedlly fimilar, in its form and fiiualion, to that of the 
tympanum, the difiance between the two membranes being 
fearedy one fixlh part of an inch. I took off at once this 

4 falfe 


Caufe of this 
failure. 
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failfe* membrane with a pair of tweezers, and difcovered be¬ 
hind it. the tympanum, quite found and entire. 1 thought jt 
probable that, in the fecond operation. 1 had only touched 
this falfe membrane. I immediately perforated the true one. Repetition of 
and was furprized (as well as my brother who attended this 
operation), to find that, although Mr. F. had already learnt litnilar pheno- 
again to hear with the right ear, yet the refloration of hishear-“®"** 
ing in the left, occafioned in him the fame effe^s of wonder, 
and of exceffivefenObility to the lead unexpected noife. which 
he had experienced after the firfl operation. This inconveni¬ 
ence. however, has not been of longer duration in this ear. 
than it had been in the other 


III. 

Letter from Mr. Timothy Sheldrake, expojing the Errors 
of M. Tingrj/ refpeSling Copal l^arnfjhes; with fame farther i/i- 

Jlrutiions concerning the fame. 

^ (Eeceived O^. \6, 1804.) 


To Mr. NICHOLSON. 

SIR. 


M. TINGRY. profeflTor of chemiftry, &c. in the academy Tingry in his 
of Geneva, has publKlied a treatife on the art of making and yarnUhTs--"* 
applying varnifhes; with new obfervations and experimetits 
on copal. 8zc. &c. A tranflation of that work has lately 
appeared here, and at p. 157 of that tranflation 1 find the fol¬ 
lowing paflTage. , 

Mr. Timothy Sheldrake mentions camphor as a medium 
for difibtving copal in effence* and alcohol. He gives alfo an¬ 
other procefs, in which ammonia (volatile alcaline fpirit of fal 
ashffToniac) in the proportion of an eiglith part of the efTence 
employed, is fubflituted in the room of camphor. 

Exper* i. Of the three procelfes which he deferibes. ^ 
repeated two: thofe which regard the folution of copal in ef-for diflblving 
fence and in alcohol by a mixture of camphor. That with ef 
fence did not JUcceed. The author himfelf announces that he 


* Throughout the book this word itufed to dcfchbe what we call 
fpirit of turpentine* 

always 
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always failed, except when he obtained the efibnce from ape* 
tbecaries ball. It appears that this eflence had by chance all 
thofe eiTential qualities which we endeavour to give it by time, 
and flill more fpeedily by the influence of light, 
aorwldialcohol. II. The fame experiment repealed with pure alco¬ 

hol was atitfnded with too little faccefi to make tfie refult be coRi 
fidered as a varmjk. The alcohol appeared milky, and the 
copal formed at the bottom of the veffel a mafs which did not 
feem to have decreafed in volume. Next morning the inter- 
pofed part of the copal, which altered the limpidity of the al¬ 
cohol, was precipitated, and adhered to the tides of the glai^. 
The procefs I have defcribed for fpirituons tinflure of amber 
would give more hopes of fuccefs without any intermediate 
fubftance,^' 

In regard to the means propofed by the medium of am¬ 
monia, the faline nature of that liquid, if the procefi ficceeds, 
will not admit of the produfl being placed in the clafs of var- 
nifhes deftincd for delicate painting. It is a kind of faponace- 
ous compound, the uje of which is not to he recommended in fuch 
cafes.^* 

The pafTage above quoted undoubtedly relates to a paper 
which I communicated (everal years ago to the Society for the 
Encouragement of Arts, &c. 

This paper was wholly tranfcribed * into Tome periodical 
publications, and parts of it into others; it may therefore be 
neceflary to obferve that when reference is made to the original 
paper, it mull be underflood to mean as it was printed in the 
Society’^ Tranfa£tions, and not to any iniperfe^ extracts that 
may have been made from it. 

Mr. Tingry flioijfd have been fenfible of the danger in op- 
poling a ronjednre or opinion purely Jpeculativc, to what is de- 
fiicliathn'zgmA as a /a6i tltat had been demonfirated by experiment Since 

faifs* it is more probable that the conjedure (hould be unfoun^^^ or 

the opinion untrue, than that a man fhould forfeit his reputation 
with the public by relating that, as having been demonftrated 
by experiment, which ihe perfon who contradifis him fays 
cannot, in the nature of things be true, even if the procept 
fUcceed^s : As it is the intention of your valuable Journal to pro¬ 
mote the caufe of fcience, and as that caufe will be as elTefl- 


He infers that 
the compounds 
isuft be tmper- 
fed! and not 
vami&tfs. 


Obfervation^ 
in reply. 


Mr. Tingry 
ought not to 


^ See our Journal, I. ^?60. 
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iift1l)»ferved by the detedlion of errors, as by the promu1f(ation 
.of new fads, I trufl you will favour ine by inferiing the follow* 
ing obfervations on thofe palTages which 1 have quoted from 
Mr, Tmgry’s work; beginning with that in which he attempts 
to demolith one part of difcovery (if it may be fo called) with¬ 
out ufing one experiment as the inftrument of deflrudion. 

In regard to the means propofed by the medium of am¬ 
monia, the (aline nature of that liquid, if thepr'ocefi JUccceds, 
will not admit qf theproduSt beingplqccdin the class op var¬ 
nishes, defined for delicate painting; it is a kind of yapono- 
ceotis compound, the ufe of which is not to be recommended infuch 
cqfks” 

In oppofition to all this I have but a fimple fad to produce: Inftancw of 
viz. It is many years fince I diffolved copal by the procels al-- 
luded to; and aduaily varnifbed feveral pidures with the folu-many yrars 
tion fo prepared; thofe pidures appeared to (liine, or bear out, "ndTexceU* 
as artifts call it. asyvell as if they had been covered with any lent coiididon. 
other varnifl); the colour of the varnidi has not changed in the 
lea(t, which mod other varniflies would have done in the fame 
time; they have flood in a fmdky houfe in London the whole 
time, have been repeatedly waflied with warm water, and 
cleaned with fpirttof turpentine; and notwiihflancling all this, 
they flill preferve their glolTy appearance undiminiflied. If a 
folution which is proved by the experience of many years to 
poflefs thefe properties in an eminent degree, does not defervo 
to be admitted into the clafs of varniihes, it js not eafy to tell 
to what fubflancc Mr. Tingry will grant that diflindion. 

Having faid thus much for the fad, we may venture to pro- The ammonia 
cecd to the theory; When ammonia and copal were mentioned, 
the combination of both thofe fubflances with :4ie fpirit of tur-compound; bat 
pentine appeared to Mr. Tingry to be fo much a .matter 
courfe, that he look it for granted, and drew all the conclu- 
rion^%om it without making a Angle experiment to prove the 
re^ty of the fad, had he done fo, even hci with the flrong 
prejudices he evidently has upon this fubjed, might have 
doubted if the ammonia entered into the compojitionat all; tome 
it appears, after attending carefully to the phenomena of (he 
folution, that it does not; but without determining pofitively 
on the fubjed, I (hall deferibe thofe phenomena, and leave 
your readers to judge for themfelves. 


The 
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tine by ammo¬ 
nia. 


The fucceft 
depcniis on the 
management of 
the cLrcum- 
fiances. 


Excellence of 
this varniiby Sec 


Hint which pro 
duced the dif- 
covery. 


The copal muft be grofsij powdered and put into a tK^nve- 
nient glafs veiTel; the fpirit of turpentine and ammonia mull 
be well (haken together^ and the mixture poured upon the co¬ 
pal; the veHel clofed, and fo much heat applied as fliall, as 
fpeedily as poflible, make the fpirit boil fo ilowly that the bub¬ 
bles may be counted as they rife to the furface; if this is Ikil- 
fnlly performedi the folution is feen to take place in the follow¬ 
ing manner; the mixture has a milky appearance when hrll 
applied to the copal; the upper furface hrfl become.s clear, the 
cloud gradually fublirjes, and attaches itfelf to the copal, which 
fwells and becomes opaque; a portion of it in a didblved Hate 
gradually exudes with the air bubbles, and difl'ufes illelfin the 
fpirit, and this continues till it has taken up as much as can be 
fufpended in it; no more is then dilfolved: It is on the Ikilful 
management of ihefe circuinliances that the iuccefs of (he 
procefs depends; (or, if lefs heat than the degree required be 
gis'cn, the folution Hops; if more, the <)f r^opal inHead 
of being opaque and adhering together at the bottom o( the 
veflTel, refume their tranfparency, and are agitated feparately 
by boiling of the fpirit; and when either of thefe accidents 
happened, I could never afterwards dithilve the fame portion 
of copal either in the fame or any frerti portion of fpirits. I( 

I might venture to explain thefe phenomena, 1 (hoiild fay, that 
the ammonia gradually quits the fpirit of turpentine, and unites 
with the copal, and reduces it to fneh a Hate, that with the 
afiiHance of the peculiar degree of heal that I have deferibed, 
the fpirit of turpentine is enabled to difTolve fo much as will 
form a varniHi; but, it either more or Ie(s heat is applied, the 
copal cannot be ditfulved, and then the operation is abortive. 

Whether thvs explanation be fatisfadlory or not is of finall 
'confequence, the exigence of piSures in my pofleHion, which 
were varniftied with this folution many years ago, and Hill re¬ 
main more perfe^ than they would have been if cover^with 
any other varniHi, is fufficient to prove that all Mr. Tingry has 
faid on this fubje£l has not the finalleH foundation in truth. 

I had examined all the books which I had accefs to, without 
getting any information refpe^ing the folution of copal for the 
piirpofe of making varniHi, (ill in Lewis’s tranflation of Neu¬ 
man’s works 1 found the following, Vo). II. p. 27. ** Solutions 
of copal have been greally eHeemed as varnilhes, and the me¬ 
thod of making the folution kept a fccrct in particular hands: 

Junker' 
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Junk^ informs na that it readily ^/hcceeds^ if Jpirit af JhUammo^ 
niaCj mixed mth a due proportion of oil of Jpike or ml of iur^ 
pentine, be ufed aa the menfiruum.” Upon this tint I pro¬ 
ceeded till 1 had difeovered the procefa 1 have deferibed ; but, 
though the varnifh anfwered every purpofe I coufd wifli, the 
trouble of making it being great, and the failure of theprocefs 
fo frequent that I determined to feek for fome more convenient 
method. 

Having found that copal, when powdered and rubbed in the Invention of 

camphor as a 
better medium 

few minutes, united in one coherent mafs 1 conje6tured that by than ammonia* 
means of camphor, copal might be ditTolved in alcohol, and 
upon trial found (hat it might be fo ditTolved, and rendered fit 
for the piirpofes of varnifli ; this I did, not by way of experi¬ 
ment, but in confideruble quantities and at various times; fo 
often, that 1 am authorifed to fay, that if the materials are 
good, and the process 1 have deferibed in (he Tranfadtions of 
the Society for Encouragement of Arts be followed, there can 
be no diHiculty in making a colourlefsfpirit varnith from copal; 
and as a proof that this may be riTine, 1 fend you a fmall quan¬ 
tity that I made fome time ago, and which w’ill enable you to 
judge whetlier it deferves to be ”placed in the daft of varniJJies.** 

But as it is improper, for many reafons to varnifh pidliires Sp. of turpm. 
with any fuhftance difToIved in alcohol, I tried to diflblve the 
copal in fpirit of turpentine by (he intervention of camphor, 
and fucceeded; not fo eaiily indeed as in alcohol, but always 
with the certainty of fuccefs, when the precautions I have de¬ 
feribed were obferved; this has been iiiiiformly the cafe with 
myfelf for feveral years, as welt as feveraj artifls who have 
made the trial; and it has now been provc*d by*many years ex¬ 
perience that copal ditTolved, by means of camphor, in fpirit of 
turpentine, is as colourlefs as the refin ilfclf perhaps as^^rnlfh it 
du|;^%, fince pidlures that have been varniflied many years alfo excellent* 
with it have been preferved without the leafl change even in 
the colour of the varnifli, which would not have been the cafe 
had any other fubflance been ufed* 

As Mr. Tingry's experiments lead to very different concln^ 
fions, I am compelled to fuppofe, either that they were inac¬ 
curately made, or that the copal, camphor, alcohol, and* 

fpirit 

^ Mr. Tingry himfelf, as be fays^ tried to diffblve copal in fpirit 
of turpentine, and the procefs did not fucceed; his notion that the 

fpirit 


mortar with a fmait quantity of camphor, became foft, and in a 
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fpirit of turpentine in his country are very different from the 
fabftances which are fold by the fame names in this. 

My intention in communicating thofe papers ro the Society 
was to aflift thofe who are engaged in the practice of the arts, 
by making public a method of making a varnifh that muff be 
valuable to them: and I have been induced to trouble you with 
this, in hopes that, by printing it, you may prevent thofe falfe 
notions, which might be formed upon Mr. Tingry's experi¬ 
ments from gaining credit; to which you will allow me to add 
fuch hints and improvements as may prevent difappointment to 
thofe who undertake to prepare this varniffi for themfelves in- 
Head of depending upon thofe who make it for fale; this every 
artiff ftiould do if he refolves to have it perfed ; for, though 
I do not mean to fuppofe that every maker of varnifh will Tub- 
ffitute inferior articles, yet it is certain that where the price of 
one article is higher, becaufe it is really valuable, and difficult 
to make, many dealers will fubffitute foipething inferior that 
produces more profit to himfelf, without confidering whether 
it may not be injurious to thofe who are to ufe it. 

I had feveral times givert^fome of my varnifh to an artiff, 
who liked it fo well that he requeffed I would inffrud him to 
make it himfelf, inffeaci of making frequent applications to me 
fur It; I procured him the necefTary apparatus, and gave him a 
written account of the procefs, with fuch verbal inffrudions 
as I could add to it, and left him to procure his own materials 
and proceed to w'ork by himfelf; he did fo, and did not fuc- 
ceed in diflblving the copal; he tried a fecond and third time 
with no more fuccefs; he then brought his materials to me, 
requeffed that I would try if I could dilToIve them ; which ex¬ 
periment would determine whether his materials were bad, or 
whether (here was any defed in his manner of attempting the 
procefs; this I refulved to undertake; uffng the fame fpirit 


fpirit I ufed hnd fy chance obtained thofe powers fordifTolvinglEnpal 
which he endea^vaurs to give it by time, &c. is pcrfedly ridiculous. 
You and. your Englifli readers will know that in faying I did not 
fucceed when I ufed fpirit of turpentine from the colour /hops, but 
always did when I got the fpirit from Apothecaries Hall, I meant 
that at the latter place 1 always obtained the beft article of the kind, 
inffead of the inferior ar: ides which are fold by the fitme name in 
other places, though totally unfit for this purpofe. 
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and capal which he had thrice attempted in vain to diflblve; * 

and at the fame time fubjeAin); another portion of my own 
materials to the fame procefs in every particular; 1 fucceeded 
in both infiances: the only dtfTerence was that the folution 
which 1 produced from the materials which had been tried by 
my friend was not fo vifcid as that which was obtained from 
the frefh materials. 

As the procefs which I have ufed for Tome time pafi is dif-Impi^ved 
ferentfrom and better than that which 1 communicated to 
Societyi and has been publifiied in their Tranfaftions^ I truft 
you will excufe me for defcribing it here; it is fuch an one as 
may be ruccefsfully ufed by any perfon upon a common fire, 
without any danger, and which any man of fcience, or who 
may chufe to adopt in a large way, may eafily modify fo as to 
anfwer his purpofe. 

Provide a ftrong veflTel made of tin or other metal, it (hould Safe and cafy 
be (haped like a winp bottle and capable of holding two quarts; ™g^copa? var^^ 
it will be convenient to have a handle ftrongly rivetted to the nith. 
neck; the neck thould be long and have a cork fitted to the 
mouth, but a notch or fmall hole^fliould be made in the cork, 
that, when the fpirit is expanded by heat, a fmall portion may 
force its way through the hole, and thus prevent the vellel from 
burfiing. 

DiflTolve half an ounce of camphor in a quart of fpirit of tur¬ 
pentine, and put it into the vefiel; take a piece of copal the 
fize of a large walnut, reduce it to coarfe powder or very 
fmall pieces; put them into the tin bottle, fafien the cork down 
with a wire, and fet it as quick as pofllble upon a fire fo britk 
as to make the fpirit boil almofi immediately; then keep it 
boiling very gently for about an hour, wb^n fo much of tiie 
copal will be difiblved as will make a very good va{ni(h; or, 
if the operation has been properly begun, but enough copal 
has iip> been diflblved, it may be again put on the fire, and by 
boiling it flowly for a longer time, it may be at lafi brought to 
the confifience defired. 

The rationale of the operation I believe will be nearly as Explanation of 
followM: copal and camphor have fo flrong an affinity for each **** P'ocehj 
other, that wlien feparately powdered and then rubbed toge¬ 
ther, the copal abforbs the camphor, fwells, foftens, and be¬ 
comes one coherent mals; nor when once united do they eafily 
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feparate again *. When the camphor is dilTolved in ih^fpiritt 
llie finali bits of copal thrown into it and inflanlly made to boil^ 
the motion of ebullition keeps (he camphor fufpendedj moves 
the copal about in the fpirits, the furface of each bit of copal 
is diiTolved, and the whole of it fuftened and enlarged, and by 
why Mr. continual boiling may be dilTolved ; but my friend did not pro- 
S/s friend failed* ceed in this way ; he reduced his copal to a very fine powder, 

thinking, perhaps, that would facilitate the folution ; he then 
added the camphor, difiblved in the fpirit of turpentine, but 
fearful of giving too much heat^ fet it by (he fide of bis fire 
till it was warmed, then moved it into a warmer place, and 
at lafi made it boil; the confequence was that the camphor + left 
ii)e fpirit and united with the copal to form one folid colierent 
mafs at the bottom of the veiTc!; the thicknefs of tliis mafs 
prevented the beat from penetrating to the fpirit fo foon as 
otherwife would have done; and, when at lafi it did boil, the 
camphor had entirely left it, and of courfe it was impuiiible 
that any folution (hould take place. ' 

Three times was the folution attempted in this manner, but 
ulien on a fourth trial by my/jelf a fufficient quantity of cam¬ 
phor was added and the boiling heat immediately applied, (he 
folution went on, but not fo favourably as in my other attempt, 
becaufe the copal was united into one mafs at the bottom of 
(lie vefie], and no more could be expufed to the action of the 
folvent than the furi'ace; but, in the other experiment the 
copal was broke into very fmall bits and the furlace of each 
expufed to the full action of the (olvent; of courfe a greater 
quantity was diffolvcd in the fame fpace of time. 

The in(tance of Had this gentleman been fatisfied with the experiment he 

mentioned^might^*^^^ himffi^f, h^ might have reported, from his own expe- 
liave been urged rience, that copal could not be dilTolved by the procefs 1 had 
Bgainftthe delcribu^ ; and yet in point of fadl, nothing could have been 

procefs. more untrue: from this it may be lairly deduced ih^when 

perfons who are unufed to fuch experiments do undertak^'iem 
(hey (hould be fcrupuloufly Gxa6t in following the diredions 


* Six months ago I reduced fome copal to this ftate; it has re- 
mained tver fince expofed to the open air in a hot room, and ftill re¬ 
mains foft, the particles adhering to each other. 

f When the fpirit of turpentine was poured off from the copal, 
it was perfectly coJourlefs, and by the fmell did not In the Icafi in¬ 
dicate the prefence of camphor. 
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given to them, and on any apparent Allure, refort to tbofe 
whole experience may enable them to dated any fallacy there 
may be in the proceeding. 

As it is well known that folution of copal is the mod valu-Remarks and 
able of thofe varnifties which can be ufed for the finer works 
art« and as it is proved that by the procefs I have defcribed, 
thefu folutions may be eafily made by any one in almoft any 
iilualion, it only remains to mention Tome cautions which are 
neceflary to enfore fuccefs. 

Firtt, That the fpirit and camphor (hould be united before 
the copal is added. 

Secondly, That the copal (hould be grofsiy powdered before 
it is added to the fpirit, the whole (hould then be made to boil 
as quickly aspojftblct but not viokntlUf^Tid that ebullition (hould 
be kept up regularly till the folution be compicat* 

There feems to be no difad vantage in ufing too much cam- EffcAs of an 
phorif it fliould fo happen; but it is difadvantageous to 
in too little copal ;* becaufe a certain quantity of fpirit will^fcopal. 
lake up a given quantity of copal; and if more is added than 
will be ditfolved, the fuperabun^ant copal will abfiradl more 
camphor from the liquid, and thus render (he folution more 
tedious and difiicuUi and fomelimesi perhaps, entirely pre¬ 
vent it. 


The advantage that attends the ufe of glafs velTels is that the Glafs wflels and 
folution may be feen all the time it is going on ; the difadvan-^^^® ”^J"*t** 
tage is that perfons who are not accudomed to fuch purfuitsi 
may inadvertently give too much heat, and thus fubjefl ihem- 
felves toferious accidents; but by ufing veiTuIs of metal with 
the precautions I have given, no accident can happen; the 
only difacfvantage is that they cannot fee wjiat l]ieyare doing ; 
this is of fmali confequence, as it may always be determined 
with fufficient accuracy by the ear whether the fpirit Goils, and 
to what degree ; and as no accident can happen, without very 
groiir^egledl, from the ufe of them, tliey certainly (hould be 
preferred. 

As 1 have written more than I at fird intended, I (hall con- Condufioiii 
elude with a requed that you will ufe your diferetion in omit¬ 
ting any part or rejedling the whole of what I have written, 
if you think the publication will not anfwer any ufeful purpole. 

1 fend with it a fmaJl (fUAnttly of copal dilTolved in alcohol, and 

another 
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auothcr in fpirit of lurpentiney which will enable yOu to {alisfy 
yourfelf and your readers whether tbefe folutions dejhrve to he 
pbtccd in the daft qf mrnijhet, and remain 

Your tnoft obliged fervant^ 

T. SHELDRAKE, 

No, 5, Montague-‘Sireei, 

SuJftUSquare* 


IV. 

Rcp^ to Mt„ DaltoNp on the Conftitution qf Mixed Gqfts,. 

Bjf Mr, John Googm. 

To Mr. NICHOLSON. 

SIR, Middiejptaw, OR. 16, 180 L 

1 DID not attack Mr. Dalton’s opinions openly, until lie had 
Invited me to do it; the attempt has been made on my part 
purfuant to his requeft; and he has replied, but in a manner 
which Teems better calculated to amufe the fuperficial reader> 
than to convince tlie reafoner: For he treats the rubje6I, 
fometimes with acrimony, and fometimes with ridicule; in 
the mean time his arguments are but few, and thefe appear to 
be negligently conduced. A bare infpcdlion of his own letter 
will fupporl the two firft charges, and I will now enter upoit 
the defence of the third, 

Mr. Dalton begins by pronouncing the didindtons which 1 
make betwixt,a ftvschanical hypothefis and theory, to be nu-* 
gatory; notwithfianding the caufes of thefe diftinflions are 
fully dated in my Striflures. Now controverfy is of a nature 
which always obliges a man to point out the fallacy or^utility 
of his opponent, when he can do it with fuccefs ; but tl^ha.s 
been ne^le^ed by Mr. D. in-relation to my didindions, and 1 
leave him to draw the inference which refults from tbefe ob- 
fervations. 

Mr. D. proceeds, in the next place, to demondrate the fun¬ 
damental propofition of his hypothefis; namely, the mutual 
penetrability of gafes which do not attrad nor repel each other. 
For this purpofe he remarks, that oxigen repels oxigen, but 

not 
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not aeole. This affutnption is fairly allowed to be a pollulate ^ • 

by Mr* Dalton; and he then proceeds to obferve, that this 
being admitted, it follows, (hat if a meafure of oxigen be put 
to one of azote, the oxigen finding it, viz, the azote, porous, 
enters its pores, and vice verjk, &c. But here a fecoud and 
an effential podulate is Qily introduced into the fyllogifm, un¬ 
der the form of afi inl'erence; bccaufe no ftriS logician will 
venture to fay that a body. A, muft be porous of necellity, 
becaufe it repels a body B; on the contrary he mufl conclude, 

(hat this miflake in his art dcHroys the detnonftralion, and 

does not retrieve the dodlrine from the imputation of being an 

hypolhelis. The (imile of the philofopher, cottager, and (ieve, Mr. D.’s fimile 

may be calculated to promote ridicule, but it is badly chofen ; 

for it is impoffible to deinonfirate the propofed problem from 

Euclid^s Elements, bccaufe this work confines its fpeculutions 

to ubflra6l figures and magnitudes. But a mathematician 

might dcmoiidrale the fame to a brother mathematician, from 

the elements of the (Mechanical philofophy \ and he ought to 

have his demonflration ready upon demand, which is not the 

cafe of Mr, D. in the inflance^of his fundamental propo* 

litiun. 

It is a matter of fomc furprife, that Mr. D. has drawn his The Tecond pof* 
demonflration from the mutual affedlions aferibed by him to 
okigen and azole; feeing I had profcHedly attempted to fliew vapour and air. 
the fallacy of his fecond and eflentlal pullulate, by aferibing 
the fame afTe^llons to aqueous vapour and the permanent gafes 
of the atmofphere. This unfortunate choice obliges my oppo« 
nent to be content with a diflant fide-view of the arguments 
which have been brought againll him ; whereas a llri£ler ob- 
iervance of the path* chalked out for him^ «n my Slridlures, 
would have given him an opportunity to confront them, and 
defend his atmofphere of deain. The thing howeVer has 
turned out, for fome reafon or other, as it is here reprefented; 
and Mr.^D. arrives very briefly at the following Angular con- 
clufiun; that though the demonflration of my propolition re- 
f[>eding air and vapour, be rigid, the previous data are not 
correfily aflumed. Now this is the point which I endeavoured 
to eflablifh in the propofilion alluded to above; for his fecond 
pollulate makes one of the incorreA data; in lad, they are all 

* Flu]. Joum. Vol. IX. Page 33. 

VoL. IX.— 'Novembek, lfl04'« M hiff 
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his own except this: If a particle of vapour can pafs freely 
through the air, a fecund can alfo fucceed it at any given 
diftance. My antagonift will certainly grant me this con- 
ceflion; becaufe the falvalion of bis aqueous atmofplierc obliges 
him not to fufpeft it. Should this indulgence be extended to 
my Stridures, tlie demonflration in queAion mud be re-exa- 
mined with greater diligence by Mr, Dalton; for if it cannot 
be refuted, it will manifeftly do away his atmofphcre of free 
vapour, by proving the abfurdity of his fecond poflulate in the 
cafe of air and water; and the fame obfervation may alfo be 
extended to all the permanent gafes which are not abforbed by 
water; becaufe no fluid of this defeription forces water to pafs 
through its pores by preiling upon it. 

After all, if we may judge from Mr, Dalton’s reply, he ap¬ 
pears not to comprehend my arguments on this fuhje^ : they 
have however nothing of novelty in them; for the bed rea. 
fonersin all ages have not heiilated to admit a hypolheiis is for 
the foie purpofe of difeovering its worth, by comparing the 
c'onfequences refulting from it with known fa£ls. Tiiis kind 
of argumentation was in great edeem with the Greek mathe¬ 
maticians, and Pappus of Alexandria has deferibed and re¬ 
commended this fpecies of logic under the name of the con¬ 
templative analyfis. 

Mr. Dalton fays, he is acquainted with no fa^ls that 
tradi£l what 1 call his experimental probabilities. 1 can 
nifli him with one to which perhaps he is a dranger, and 
mind him of another, which he will not difpute ; it will 
fore be his budnefs to reconcile them to the bypotheds of an 
aqueous atmofphcre. 

Fuji, Mr. Kirwan, in the courfe of his datical experiments 
'on air, condaivtly fbund a given bulk of it to be lighter, cateiis 
paribus, twhen De Sauniire’s hygrometer was at 90®, than 
when the atmofphcre was lefs humid. Now according to 
Mr. D.’s hypolhejls, all the permanent gafes, of thiA^ven 
bulk, had the fame weight both in the dry and mold date of 
the air; becaufe they were of the fame denfity on account of 
the cietcns pm ibus: but the aqueous vapour was mod abun¬ 
dant when the weight of the aggregate was lead ; that is, the 
w'cight of vapour diininifhes, while its denfity increafes. Will 
Mr. D. admit the truth of the preceding conclufion, to the 
detriment of his own doflrine; or will he refute the infer-* 
cnce, hy denying tlie fa6l ? * - 
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Second^ If the latter alternative (hould be prefeired* the An cicperimCnt 
following experiment, with which Mr, D. is already 
quainled, remains to be explained by the principles of his 
hypotlictis, due attention being at the fanae time paid to the 
axioms of Dynamics. 

A moid bottle, which I had found would contain 7794 
grains of water of the temperature of 59^, was placed in 
water heated to 126^, having its mouth elevated about two 
inches above the furface. This aperture was covered by my 
hand ; whicii was occafionally removed for an in/iant, that the 
warm air might efcape. At the end of two minutes the bottle 
was inverted in cold water, the mouth of it being hrd fecured 
in the manner deferibed above; in which fituation the tem. 
perature of it was again reduced to 59®. The air remaining 
in it after refrigeration, occupied 6172 of the 7794 parts con- 
Aituting (he capacity of the bottle. From this fa^t I infer, 
that 6172 parts of air of 59®, will occupy 7794 fuch parts 
after being raifed to '/26® in contact with moiA glafs. But 
6172 pans of dry air of 59®, will only occupy 6992.C6 partSt 
after being heated to 126® in ^ dry tube: Thus it appears 
that the prefence of water augmented the bulk of the air 
which 1 ufed; how is this diAiculty to be explained j* We 
have no Aopple of mercury in this experiment, by help of 
which Mr. D. explains the appearances of the manometer; 
confoquently, as nothing was in the way to prevent the free 
egrefs of the vapour, it expanded itfelf in .the bottle, and 
a£ted on the air contained in the fume, juA as it does in the 
atmofphere. But it incrcafed the bulk of this air, which could 
not be effected on Mr. D.’s principles, olherwife than by dif- 
tending the pores of it. Now his own labjos ot the force of 
vapour will fliew this to be impracticable, if there be any truth 
in the axioms of Dynamics. On the contrary, notHing oc« 
curs iwtbe tw'o laA experiments repugnant to chemical union ; 
and m water makes a part of the atmofphere, it mu A be aU 
lached to air by the mediation of afBnily, 

1 have now done fomething more than anfwer all Mr. Recapitulation; 
Dalton’s objections; the demunAraiion of his fundamental 
propofition has been Aiewn to be no demoiiAration at all; his 
fecond poAulate has been proved to be falfe, by his own data, 
in the cafe of air and vapour; laAly, two faCt have been 
advanced which are inexplicable by my opponent’s prin« 

M2 ciples: 
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dpies : After peruflng tliefe objedtions, can he blame ipe for 
rejefling his hypothefis« As for Mr, D.V remarks on my 
theory of mixed gafes^ they require no anfwcr; becaufe he 
profefles not to underhand it. I am willing, however, to 
tubmit the merits of it, as well as its claim to the title of a 
theory, to thofe mechanical philofophers who happen to com¬ 
prehend it, 

JOHN GOUGH. 


V. 

On the apparent Size qf the horizonitd TIfoon, In a Letter from 

Mr, E21EKIEL Walker. 

To Mr, NICHOLSON. 

DEAR SIR, 

HEN the full moon is juft rifing atovc a clear horizon, 
flie Is an obje^ lliat plcafes every eye : But at the fame time 
that the pleafcs the eye of the philofoplier, Jhe embarrafles his 
reafon, to aftign the caufe of her apparent magnitude’s being 
to much greater near the horizon, than at higher elevations. 

When men in former ages began to reafon on this phenome¬ 
non, they imagined that the angle fublended by the moon, was 
really increafecl, by a refraaion of her rays, in pafting through 
the vapours contained in the air, near the earth’s furface. But 
when it became known that (lie fublended the leaft angle at the 
eye, when her apparent magnitude wasgreatcfl, philofophers faid 
that the eye was impoftd upon by the long feries of objedis 
interpofed between the eye and the extremity of the fenftble 
horizon,^ And after it was difeovered that the fame pheno¬ 
menon was obferved at Tea, where no land obje£ls could be 
feen, they blamed the clouds for deceiving them; aqd'^hen 
the clouds flew away, the fpirit of inquiry flew after ^lem, 
to feek for information in the apparent concavity of the fky.. 

Such were the erroneous opinions maintained by men of the 
greateft celebrity, both in ancient and in modern times. To 
mention any more of them would be ufelefs labour: a Single 
quotation from Dr. Smithes Optics will, I prefume, be quite 
fuflicient to fhow how little was known of this matter at the 
time when he wrote. 


After 
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Aftfr the ProfeiTor had (inllhed his celeftial explanation oT 
this phenomenon, he jultly acknowledges that, at different 
lirne^, the moon appears of very different magnitudes, even in 
the fame horizon, and occaiionally of an extraordinary large 
lize, which he is not able to give a fatisfaAnry explanation of. 

.Smithes Optics, Vol. I. pa. 63, &c. Rematch, pa. 53. s 

It is really affonifliing, that this phenomenon Humid have re< Explanation of- 
mained (o long without an explanation founded on a better prin- 
cinie than that of mere opinion. That the dimenfions of the images on the 
pupil of the eye alter by tlie ftimuliis of light, has long been ^^ 
known; but I believe it ffill remains to be proved, that the pupji. 
picture of the moon formed upon the retina is not permanent, 
but varies as the diraenfions of the pupil vary. The following 
experiments will, I hope, remove every doubt refpefling this 
law <jf vilion. 


To imitate the eye upon a large fcale, I took an achromatic Experiment. 
Itins of I.r; inches in diameter, and 17 inches focal diftance, to jii^ccdbefor”an 
reprefent the cryffallme humour. This 1 fixed upon a Hand in .tchromacic lem, 
L perpendicular direflion, with a moveable white fereen be- three aper- 

. • . • . ■ I • r I- I. . II P'o- 

hmd it for (he retina, to receive yie image of a lighted candle, vided. 
which ffood before it, at the diffanceof 40 inches. To imitate 
the pupil, i took thrcecards, and numbered them 1 , 2, and S, 

111 No. 1 , 1 made n circular hole half an inch in diameter, in 
\'o. 2 a hole of of an inch, and in No. .3, a hole of 
of an inch. 

After I had moved the fereen until the image of the candle Focal image by 
appeared diilinfliy upon it, 1 found that liie length of this j^^gJ^jnehes”* 
luminous pi 6 turc meafured 1.82 inches. Jong. 

When the card No. 1 , was apfilied clofc to the lens, with Half an inch 
the centre of the hole againft the centre o/*thc lens, the in- xavr an 

verted image of the flame of llic candle, upon the fereen, inch, 
meafured 1.4G inches. 


Wtfeji the card No 2, was applied to the lens, in the fame Three tenths 
atlf^er as No, 1 , the image of the flame meafured j,.-} ff^ve 1.3 inch. 


in 
inches. 


And with No 3, the piflure of the flame meafured only 1.2 Two tenths gavt 

I x*a inch* 

inches. 

Thefe experiments fliow us, in llie clearefl manner, the caufe Application of 
of that variation which obtains in the apparent of 


Wbjefls. 


That 


other ohje^j 
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IMrUOVBD METHOD OF CONSTRUCTtKG SHIFS. 

That the popil contrails as the qaantity of light whicli fall< 
ppon (he eye increafeSf is well known. 

And that the magnitude of the pi£lure of a luminous objed 
upon the retina, decreafes as the pupil contra£lS) is evident 
from the experiments. 

Therefore^ the magnitude of the piflure upon the retina, 
decreafes. as the quantity of light falling upon the eye in- 
creafes. • 

Hence the apparent magnitude of the moon is greatefi at the 
horizon^ and decreafes as (lie afeends; for the magnitude of 
her pidlure upon the retina is inverfely as the quantify of light 
which (he gives ns. 

The fun appears larger at the horizon than at higher altitudes, 
for the fame reafon; and terrcflrial objects feen through a mi/1 
appear larger tlian in a clear day. in conlcquence of the fame 
operation of the eye. 

I am, Dear Sir. 

With much refffeft. 

Your humble Servant. 

f E. WALKER. 

Xynn. 13, IdO^. 


VI. 

Defcription qf the Ship Econoniy, 200 Tons Mmfuranent, built 
on the mproved ConJlmStion qf Mr» J. W. Boswell. * 

The plan adopted in the formation of this {hip is that defign- 
ed for large (bips'a! 300 tons and upwards, and the third men¬ 
tioned ill my fpecidcation f. 

Its external appearance is nearly the fame as that of any other 
vefTel of the fize, and the outward planking done in uiual 
manner. It isthe internal conftruftion alone to which the patent 
relates, and that is as follows: 

The beft general idea of it w'ill be obtained by conceiving a 
' veffel built with timbers, or ribs, much fmallerthan ufuaJ. with 

# For which he has a patent. ' 

f See VoKII* Second Series^ p. SI, of Repertory of Arts* 


an 
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IMPROVED METHOD OF CONSTRUCTING SHIPS. JffJ 

an iniernal framing, fo contrived as to give every reqiiifite Tup- 

port and ftrength both to them and the entire vcfiel, with ^ method. 

the leafl timber, and of the cheapeft form, and without any 

knee-timber. 

The floor-timbers are molded feven inches, and Tided fix; 
tliefej with four fullocks and two top timbers at each fide, 
form what is called a frame of timbers. Thofe fmall timbers 
arc laid down fo that their terminations all fall out in fair lines, 
which are nearly the fame as the ribband lines, when below the 
wales. Along thofe lines infide are laid fore and aft ribs, from 
firm to flern poft, fo as to fupport (he extremity of every one 
of the finall rilw in the fliip. The fore and all ribs are fix in 
number at each fide; one direflfy under the water ways, an¬ 
other at the level of the lower beams and the other four placed 
nearly at equal diflances between Ihcfelaftand the kelfon: each 
pair uniting in a breaft-hook at the ftem. 

The pieces of timber which form Ihefe fore and ad ribs are 
fearfed at their extremities with hook frarfs, and fo placed tiiat 
the fcarfs fall out in fair vertical fedlious of the fliip, where 
they are fupported, and firmly p »Ited to tranfverfe framings, 
contrived fo as to unite the grcatcfi lircnglli with tlie leaft ob- 
llruaion, and which are five in number in the whole fliip. 

Thofe tranfverfe framings lafi mentioned tiiuft beconfidered 
as the great fupport of the velfcl, and tlie foundations, as it 
were, on wdiicli all the other pans refl, as the beams of a 
wooden bridge are fupported by the piers. Thofe tranfverfe 
framings are each formed by one upper and one lower beam, ^ 
two pair of fullocks, a floor timber, two pair of top timbers, 
and four bracing pieces; tlie whole conneiSed into one firm 
framing, felf-fupported, independent of any 6lher part. 

The four bracing pieces form each framing inlo a Tet of tri- The Jeadiny 
angular compartments; which triangular framing ^ves 
grcUl^ ftability poffible, as a triangular frame cannot be made framings cannot 
to grve^in, or alter its figure, by any force which is not fuffi- vary, 
cient to tear its conneding parts through the timber of which it 
is compofed; a properly which no other figure poflefles. 

Thefe tranverfe framings (befides fupporting the fore and aft 
ribs, and by them the fmall vertical timbers) tie and unite the 
veflel together acrofs fliip, fo as to give much greater flrenglh 
than hanging-knees, whofe place they fupply, at a much 
cheaper rate. 

The ' 
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IMPROVED METHOD OF SHlPSi. 

The framing of the deck is alfo divided into triangular cum* 
parlinent;, as fpecified in my patent, as to preclude tlie ub 
of lodging-knees entirely; which compartments are formed by 
fix pieces of timber, which proceed obliquely at each fide, from 
the top of each beam to the fore and aft rib next adjoining, into 
which they are dovetailed and bolted; long cartings from beam 
to beam, at each fide of the hatchways, with tliefe pieces, 
fupport fmall ledges, on wliich the deck is laid in the ufual 
manner. 

The veflfel in coming round from Southampton water failed 
remarkably fad, and flayed and fleered admirably well. 

Advantages of this JUIeifirfd of framing Ships, 

I ft- Timber of lefs llian one fourth of the ufual girth can be 
ufed, in this method, in conftrudling large veifels, for nearly four- 
fittlis of their frames. 

This will be a direfl faving in tlie difrev*ncc of prii-e of fmall 
timber and large for the quantity ufed ; for large vejfels this 
will be confiderable, and, acc(>rciing to the prefent contract 
prices for naval timber, not\efs than from two to four pounds 
per load. Befides this, it is a great national benefit in another 
point; for, by this means, timber of half the number of years 
growth, or lefs, can be ufed for naval purpofes; and thus forty 
or fifty years, or even lefs, be fufficient to produce limber fit 
for the navy, inftead of the vaft period of near a century, now 
neceftkry ; by which the land will not only produce a double 
crop in the fame time, fit for tliis purpofe, but all danger be 
removed of there being a fioppage of building, lor want of a 
fijpply of limber, at any future period; an event*extremely 
probable to teke place, from the increafing difficulty of getting 
the large kind ufed at prefent in the Royal Dock Yards. 

2d. Much ftiorter timber may, in forming the futtoj^'-:, be 
ufed, witliout any danger of weakening the (liip, on^ac(;ouiU 
of the great fupport given to them by the fore and aft ribs, and 
other internal framing, before deferi^ed. 

'I'he advantage of this is, tliatit renders thecompafs tiipber 
for iuttocks eafier to be procured, and prevents any necelfity of 
ufing any timber cut acrofs the jgrain. 

3d. The ufe of knees of every kind is fuperfeded Jby this 
mode of building, as the triangular framing of the decks gives 
5 all 
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dll the effect of lodging-knees, and that of the tranCverfe i » 
frames more than fupplies the fupport given by hanging^- 
ki)ee«;. 

Tins would occation a confiderable faving in large vetfels, 
on account of the great price of knee-timber fit for them; 
which, for that of 30 feet meeting, is near ten pound per load 
and for the fmalleft kind, taken dt the dock-yard, nutlefs than 
8 /. 15s. 

4lh. Plank of half theufual thicknefs maybe ufed for lining; thinner plank* 
the great fupport given by the fore and aft ribs rendering any 
ufe of infide plank, to firengthen the veflel, needlefs, and con¬ 
fining its purpofe merely to prevent ballad, or other matters, 
from getting between the timbersi fo as to red on the outfide 
plank. 

This will alfo caufe a faving of confeqiience in large vetfels ; 
plank of alt kinds, but particularly that of great thicknefs, 
being the next deared article to knee-timber. 

5th. It is probable n much lefs quantity of limber might be lefs quantity of 
ufed with fafely in tliis method, on account of the great flrength *”**^*^*®*®» 
produced for the limber tded. ^ Id. By the triangular framing. 

2d. By every timber having a folid fopport at each extremity. 

3d. By the increafe of thicknefs from in to out all along the 
fore and aft ribs, being very great in proportion to the tim^ 
ber ufed. 

6 Lh. It is probable, vedels built in this moihod will lad duifthUity. 
many years longer before decay; becaufe the ufe of fmall 
timber admits of a kind more fpiny and durable than the large, 
which is often dotard, and never lads fo long; and alfo becaufe 
this condrudion admits nf a free circulation of air among the 
timbers, than which nothing is known to contribute ib much to 
their prefervalion. It is moreover conceived* (hat the timbers 
being prevented from working by the folid fupport*each has at 
il^extremities, will caufe the veflel to wear lefs, and at the 
fi»m^ time render it I'afer, by diminifliing the danger of darting 
planks, or otherwife caufing bad leaks. 

7lh. Tlie timber of confiderable fizc ufed in this method is 
almod all nearly draight, or of very little curvature, on account 
of its running tore and aft. 

This kind is much caficr to procure than large compafs 
limber* 

8 th. 
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8 th, ShorUtop limber and coarfe butts can be work^ up 
to advantage, inflead of being fold for lefs than half cofl, 
or burned; as this kind will do fufficiently well for the 
number of ihort ledges in the deck frames, and to fupport 
the lining at the floor, which are wanted in this mode of 
building. 

9(h. VefTels built In this manner will not be fo liable as 
others to hog, or have their backs broken, on account of 
the great lirength length-ways, caufed by the fore and afl 
ribs. 

JOth. VeflTels fo built will be drier, from the circulation of 
air before mentioned, and having the floor-lining detached from 
the timbers; which quality renders this conflru£linn parti* 
cularly valuable for the fliips uled in the Eatl and Wefl India 
trade. 

The advantages above recited relate to vefTels entirely form¬ 
ed in this manner. It fliould be known alfu, that parts of tins 
plan may be applied with profit. The m‘ode of framing the 
decks, for inflance, might be ufed to fave lodging-knees in 
veflels built in other refpe&s (he ufual mode. Other parts 
of it might be applied tothe firengtlieningold veflfel';, which, by 
this means, might be made to lafl many years, after they would 
otherwife have been unferviceable. 

The principles of this method of building are capable of 
being extended flill further than they are in llie velTcI here de- 
feribed: the triangular framing may he even adopted to the 
confiruflion of fore and aft ribs, fo that thefe could alfo 
be confirufted of fmall limber, if required. Thus, by (his 
means, the former barrier to the increafe of fize in fiiips is re¬ 
moved, as it no longer now depends on the fize of timber ; 
and fliips of any dimenfions required may be formed, of any 
firength re^uifite, of fmall timber. 

j. w. poswit^iJ. 
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Concluding Uemarhs on the Computation (if Tables of Squar€s 

and Cubes, In a Letter from £. O. 

To Mr. NICHOLSON. 

SIR, 

I AM forry (o trouble you again on a fubjedl which I fear On the compu- 

can afford but little intcred to the generality of your readers; 

but I mufl: requefl the admiffion of a few remarks upon 

the letter which you publiflied in your laft number from 

H.G. 

Your correfpondent is certainly mlHaken when he afferts 
that our methods of calculating (quares are " precifely the 
lame Both, ihdeed, are derived from the principles of the 
binomial theorem ; but I conceive that there is a material 
difference in our manners of applying thofe principles to prac¬ 
tice. As we find the fquare o^the given number by adding a 
certain quantity to the known fquare of the number next be¬ 
low it, it follows, that in both methods the quantity fo added 
muff be the fame ; but there is a confiderable difference in (he 
operations by which we find this number; I do it by the re¬ 
peated addition of the fmall number 2, whereas H. G. finds 
the fame quantity by the repeated doubling of a number, 
which is confiantly changing, and may poflibly Confiff of many 
figures. To fhew the difference more clearly, I will calculate 
feveral fquares according to the direction given in P. 150, 

Vol. VIII. and I will take for my example tlje fame which I 
have taken in P. 6, Vol. IX. that your readers ma^ the more 
form the comparifon for themfelves. 

9 

• 28261 
2 

56522 = 2.28261 

796684I2I = 2826iV 

1 

798740644 = 28262> 


28262 

2 

56524 = 2.28262 

798740644 = 282^ * 

1 

798797169 = 282^» 


28263 
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Od (i>e con^^u* 
Ukion ot fquaix* 

«d 4 cubes* 


28263 

2 

5652G = 2.28263 


28264 r 

2 

56528 = 2.2826 i 


r98797]69 

I 

798853696 


=s 28263*» 


798853696 = 

1 


2826 


28264** 


798910225 = 282651* 


Perhaps it may be objefled to my flatemenf, that the ralcn, 
lator would be aware that 28264.2 zz 28263.2 + 2 28262 

.2+4', &c* or that he muft foon difcover Ibis law of conti¬ 
nuation; and therefore, that he would not proceed in every 
inflance to the a6tual multiplication of the root by 2* Such 
an ohjediion, however, will avail nothing againfl my argu¬ 
ment, for in that cafe he will no longer work by the rule 
given by H. G. in P. 150, Vol* VIII.; but if he proceeds to 
iind the difference by addition, he mufl virtually purfue the 
method which I recommend: the only difference will be, that 
the pra6lice of calculation will have fuggefled to him an im¬ 
provement which he might hsve originally derived from hrft 
principle;;. 

I (hall not enter into the quedion, whether addition is, or 
is not, a Ampler procefs than fubtraflion* The prefciU quef^ 
tion may be decided independently of it. For granting that 
there is no reafon to prefer one to the other, yet the two me¬ 
thods by which we find the firft differences of the cubes, 
mi^rht be fairly put to ilfue upon the number of figures iifed in 
eacli. To find them according to the method recommended 
by H. Cl. in p. 150, Vol, VII1. we muff fubtra£l the whole 
ot one cube from tlfB,whole of the other ; whereas I iind them 
by theconffant addition of the ferond differences, which muff 
reccffarily^bG much fnaaller numbers. Thus to find the fiiff 
difference between the cubes of 26*561 and 26560 : 


According to //. C* 

18738432796481 
- 18736316416000 

21 16380181 


According to E, O, 
2116221121 
+ 159360 

21163301-8! 


It is ffated, indeed, by H. G. that he avoids the continual 
repetition of firft differehces. By this we muff not underffand 

that 
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that l^is method makes it unneceflary to calculate them ; for t>n ^ coirftN 
by mere compariTon of p. 9 yiith p. 125, it will be feen 
we both ufe the fame numbers. In this inftance, as in that of 
the fquares, the real difference between the two methods 
contifts ill the manner of finding thefe additional quantities. 

H. (?. inuA therefore mean, tl)at he avoids the ncceffity of 
calculating the table given in p. 8. Now in this I do not 
think tliat any advantage is gained. For if the hrff differ¬ 
ences are to be found feparately, I have fliewn that they can 
be more eafily found by the method which I have recoin* 
mended ; and much expedition will be obtained by making a 
feparate tabic of them, which is impoilible if we work accord¬ 
ing to the directions of H. G. I may, with fome reafon, 
complain, that H. G. has not made his example a fair parallel 
to mine; for I liave fet down every figure which need be uled, 
while he has declined printing any of the operations whereby 
he determined his HrA differences. It is poffiblc, indeed, 
from long pra^ice *11 arithmetical computations, that he may 
be able to caA his eye from one cube to the other, and fo 
find the firA differences, without copying them out on the 
fide of his paper for fubtradlion. 1 Aiall not dwell upon the 
danger of miAake in fach a procefs; the quickcA and moA 
accurate eye could hardly avoid frequent errors, and the com¬ 
mon arithmetician will find it attended by confiderable diAi- 
cuily. But granting that all this difficulty could be com¬ 
pletely conquered, Aill it would give no fuperiorlty to the 
method recommended by H. G.; for it might be applied to mine 
with equal, if not greater eafe and advantage. Thus, in the ex¬ 
ample given in p. 125 ; if F were computed by the addition 
of C and D, inAead of the fubtra-Slion qf'Afioiu E; if we 
confider 1 = F G iiiAead of = H — E, iCl = 1 + K in- 
Head of L — H, &c. wc Aiould have the differences com- 
putti^ according to my rules. We may remark likewife; in 
lilts fhorter method of calculating, that, according to the ar¬ 
rangement ^iven by H. C. himfelf in p. 129, the eye mu A 
neceflarily pafs over two intermediate lines of figures in fub- 
traSing one' cube from the other, whereas the two rows of 
figures which I would have added to one another, may 
always be placed contiguous. This certainly is an advan* 
tage; but at the fame time 1 only mention it to Aiew the 

grounds 
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On tit.e comiti- grounds on which I prefer my method to that of H. G.j 
lation of ftjttares j flj]j confl^ier the plan which I firft laid down as the 

eaUellMdrureft. . . 

1 have faidj that if the differences are confidered in p. 125 
as found by addition inllead of fubtra^tion^ the example 
would fuit with my method, becaufe the fecond differences 
are flill additional, and will be found, upon comparifon, to 
be added in exactly the fame order as in pp. 8 and 9. The 
only variety is by making two tables: I add the Turn of the 
two numbers which are feparalely arranged under each cube. 
1 have only to add on this part of the fubjefl, that H. G. has 
adopted my method in Tome meafure; for he fays that K =; 
G 4* I remarked with 

rcfpecl to the fquares, that this equality would mofi probably 
occur to the calculator ; but at the fame time w^c mufi recoU 
led, that it is different from the rule laid down in p* 150, 
Vol, VIll. 

I (hall not add any thing to what I hbve Hated in p. 5, 
with refped to the iniflakes to which either method is liable; 
but I thall conclude by affurin^you# that it is not my inten¬ 
tion to trouble you any more on the prefent fubjed. I 
thought it might be ufeful to^publifli the letter which 1 firft 
feiit you, and having done fo, it became neceffary to remove 
any obfeurities in it, and to anfwcr any mifiaken objedions 
which might be raifed againfl it; but this having once been 
done, tbcie can be no occafion for further controverCy; and 
1 iiave only to thank you for the indulgence which you have 
granted me. 

I am. Sir, 

• Your obliged humble fervaiit, 

* ' E. O. 


P, I take this opportunity to beg you will mentiot^^o 
or three prefs errors which occur in my former letter, 

i*. 9, line so, dele die italic e, 

P- 10 , line 12 , 'x + inftancesjT^jTil * 

P. 12, line 16, 29 read 27. 


Letter 
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LctUr from C. Wilkin soNj £/^. o/i Gahanijm and EleSriciiym 

Dublin, 06t. 8, 1804* 


SIR, 


To Mr. NICHOLSON. 


HEN at Liverpool a few days fince, at the Alhenseum Obfcrvatiomo* 
1 found a paper of Mr. Thicknefle of Wigan in your valuable **IvAiifin, 
Journal, and which has induced me to trouble you with the 
following obfervation. Air, T* ingenioufly coiijeflures that 
the galvanic phenomena depend mure upon the decompofUion 
of the water employed than as to any chemical change effected 
on the metals. Mr. T. obfeives that two metals are requihte 
to the prudii6lion of galvanic phenomena : this is no ways the 
cafe, it is well knoviai that a tingle metal futbccs, or even brain 
and mufcle, according to the experiment of La Grave, or 
nerve and mufcle according to Aldini. Mr. T. further ob« 
ferves that hydrogen mixed with copper always renders it brlU 
tie. 1 fltould w'itli to know (his gentleman’s authority for fucfi 
an aflertion : he alfo lets out too hypothetically as to eleSricity 
being a niodihcalion of caloric. It has alw^ays appeared to mo 
that the galvanic phenomena entiiely depend upon the difen- 
g.igement of eleflricity from the metal undergoing a chemical 
change, 

Galvani has afcerlained that gold, filver, copper, iron, tiD,^ 
lead and zinc, conftitutc the feries of metallic bodies; that 
w'hen two metals the mod remote in the I'erips are united, the 
mod powerful galvanic combination is formed ;* thus gold and 
zinc, diver and zinc, copper and zinc, &c. and laflly, lead 
andiKj^c, form the vveaked galvanic combination. The difpo- 
fiti^n ii oxidation is in the inveife order, thus zinc will become 
oxidated even by expofure to the air, whilft diver and gold 
undergo this change with the greated difficulty. 

Hence a metal which is oxidated with the greated difficulty 
combined with a metal which oxidates with the greated faci¬ 
lity, form the mod powc*iful galvanic combination. The pro« 
duftioii of galvanic phenomena is always proportionate to the 
degree of oxidation. 
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Obfft^ation^ oa All fubflances which are condudors of ele£lric!iy, if they 
gdvaoifmy ieu mjjgfgQ change as to their condufting power, fo as to 

become diminiflied as condudiors, always in the change lofe a 
portion of their natural etedlricity. Thus metals which are 
the beii condudtorsi when oxidated, become noii-condu£tors 
in this change, the combined eledlricity is loft. 

If a plate of zinC is univeffally immerfed in a fluid which 
will produce chemical changes upon it, no galvanic phenome** 
non will be produced becaufe the metal in every alGgnable 
pointi being equally adled on, the contrary ftates of eledricity 
cannot then be produced. 

If only one fide be afted on, every aflignable point on thatflde 
uhdergoing a chemical change, by which it isdifpofed to part 
with its combined eledricity, there will be a general tendency 
of the electricity in the fubftance of the metal towards the fur- 
face adted on ; the fame as if in a veftel filled with water, a 
fmall aperture be formed, there will be a genera! tendency or 
current of the water towards the aperture,* fo of eledlricity. 

Dr, Wollafton has proved by very ingenious experiments, 
that when two diflimilarmetaU^are placed in a fluid which wilt 
adt upon one of the metals and not upon the other, when the 
two metals are put into contadt in the fame fluid, that thus che- 
ntical changes are eflfedted on both ; thus that gold and filver 
thus arranged, will be adted on by the nitric acid.—^When two 
metals are placed in a fluid which will adt upon cither of them 
feparately, if the two nnetals are preferred in a (late of repa¬ 
ration while in the fame fluid, chemical changes will only be 
efledled upon one. Thus zinc and copper placed in nitrous 
acid and water, only the zinc will be adted on. 

Thefe principles point out the neceffity in our galvanic 
troughs to have our cells perfedtiy infulated, and that there be 
no commilnication between the refpedlive plates. 

Mr. T. has by miftake obferved that the i'enfation is 
portion to the furface adiedon; the experiments of the ]^reiv:h 
philofophers proved that the adlion of gaivanifm on animat 
iubftanccs is in the ratio of the number of ptates'employed, 
and not the furfacesexpofed. 

In aH my experiments in town with my own eledtric battery 
I-never fucceeded in giving the flighteft charge with tny gaU 
vanib apparatus. , In fome converfation I had with you> Mr. 
Sditor, yon conjedtured that an extenfive feries of fini&ll jars 
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would be the bed arrangement. When at Liverpool 1 met 
with fuch at the houfe pf Mr, Dalton, a very ingenious lec« 
turer on eledricity. The galvanic battery 1 employed con* 
fjfled of 200 eight-inch plates, which had fufed at the time 
near five feet of deel wire; this communicated a very flight 
intenfity to the eleftric battery, containing forty feet cPaled 
furface, jud fufficient to convulfe afrog,and although theeledri- 
cal battery was in the bed date of preparation, we could not 
faceted in producing any intenfity as even toade£t the tongue* 
At another period, I fhall do myfelf the pleafureof tranfmit- 
ting to you an account of Tome ingenious experiments of Mr. 
Dalton, on eledricity, he finds a cylinder, when exhauded of 
air, or when one atmofphere is condenfed into it, will not then 
be capable of excitation. 

I am. Sir, 

Your’s finecrely, 

C. WILKINSON. 


No. 19, Soho-Squarcl 
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Method of preventing Accidents to Horfes and Carriages, in going 
d(ftvn Hills, by a Gripe or Clafp aBing on the Naves qf the 
Wliccls qf the Carriagem By Mr. W. Bowler.* 


SIR, 


rri 


J. HE invention I have now fenl you Is, t think, likely to be Apparatus to 
of great ufe, and I therefore offer a roodeHiiereof 
infpeftion. In the fird cafe, this cart may l>e flopped in an 
indant, in going down the deeped hill with a load, Avithout 
fiop^i^ the horfes, by the carter only preffing bis hand upon 
a lever^ This plan would likewife be highly advantageous in 
cafe of a horfe taking fright, as the carriage may be indantly 
(lopped by the brace clafping the wheels. It may alfo, with 
little alteration, anfwer for a broad-wheel waggon with a 
heavy load. By the prefent method, a coachman, whilft fit* 


* TranfaAions of the Society of Arts. A bounty of ten guineas 
was given to the inventor, and the Society have a model. 

VoL. 1 X.«-Novbhb£r, ISOt*. N ting 
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ting on his box, may confine or releafe the wheels of hij car* 
riage at pleafure, and prevent accidents in defcending hilU, ot 
in managing reflive horfes* 

I am. Sir, 

Your humble Servant, 

WILLIAM BOWLER. 

Finjbury-Streetf May 13, 1803. 

To Mr. Charles Taylor^ S€c» 

Reference to ike ILngravin^ of Af r, WiBiam Sov;1er*s Gripe for 
the Wheels of Cartfknd Carriages, Plate X. 

A B. The extent of the body of the cart. C D, The two 
lhafts. E. The front ladder of the cart, part of wliich pro- 
je^s over the (hafts, and is fjpported on them: the other part 
is iafiened to the upright piece F. G. The handle of the le¬ 
ver, Aiding betwixt two uprights, and moveable on an iron 
bar and pivot at H, in the upright piece F,. By prefiing down 
this handle, the moveable joints 1 K raife upwards the lower 
part of another lever L, fo as to prefs againA the lower part 
of the nave of the wheel, an^ at the fame time the moveable 
joints prefs down the lever O, and caufe this lever to a6l againA 
the upper part of the nave of the wheel; thus coinprelling 
the nave of the wheel betwixt a double brace, and cither re¬ 
tarding wholly the motion fif the wheel, or allowing it to move 
a little, as may be thought requifilc. The circle of the nearer 
wheel is Aiown by the dotted lines P; but this wheel is not 
added, as it would prevent this gripe from being clearly feen. 
The handle of tlie lever G produces at the fame time a fimilar 
eSeft on the further wheel R, by means of the bar ot iron 
which croifes^he cart at H, and aAs in the fame manner on 
fimilar double joints at the other fide of the cart, as may be 
feen at S, where the further double gripe is Aiown prel^gi^. on 
the nave of the further wheel, T. A fmall catch, wlbch^ by 
felling into the notches or teeth of the lever, when it is prefFed 
down, holds both the gripes in one certain pofitioti. 

When the wheels are to be fet at liberty, the catch T is re¬ 
moved out of the teeth of the lever; then the lever G is 
raifed above the hole V, and kepi from Hiding down by an 
iron pin attached to the chain U, being put underneath the 
lever, through the hole V. 
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GALVANIC 

itoA^Work is not anj inconvenience in the toiiding or * 
Unloading of the cart^ nor occupies any room within it; and, 
what is of material confequence in new inventions, it maybe 
managed by the carter with much lefs time and trouble than 
the common hook and drag chain. It h alfo miich more fe* 
cure in its aftion, as it binds on both wheels at once, and gives 
a uniform fieady draught for the horfes, which prevents them 
from falling down. 
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Ohfirvations and Experiments to elucidate the Operation qf the 
Galvanic Power. By Mr. Charles Sylves ter. In a 
Letter from the Author, 

To the Editor qf the Philosophic Journal. 

SIR, 

X HAVE for Tome lime read and admired your valuable pub¬ 
lication, but have not before tffis time ventured a communica¬ 
tion on any rubje6t. If you think the following thoughts and 
experiments worthy the attention of your readers, I fliall feel 
myfelf honoured if you give them a place in your Journal. 

I remain. Sir, 

Your obedient fervant, 

CHARLES SYLVESTER* 

Sheffield, Odl. IG, I804-. 

The decom portion of water, or at leaft, the prefence of Whether water 
oxigen and hidrogen, is obferved in all the modes by which the^t^Wank 
galvanic energy is excited. I obferve that fome o£ your cor-procefaj 
rq^ondents arc inclined to doubt the truth of water being a 
com]^und body, from obferving in its decompofition that the 
oxigen and hidrogen arc given out at fo great a dillance from 
each other. Though thefe philofophers have more limply ac¬ 
counted for fome of the phenomena by making water a fimple 
fabflance, their aflumed data, that pofitive and negative elec¬ 
tricity are two difiin£l bodies, is by far more gratuitous than - 
the pofilion, that water is a compound. Beiides thishypolhe-***<>rp<>I* 
fis will only account for a few of the fails, while it abounds 
with contradiilion when applied to the reft of the phenomena bodies, 
of'galvanifm. 
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The latter lefs 
probable. 


The o)tldatlon 
contradi^s Che 
hypocheHs of 
two electric 

bodies. 


Variation of Dr. 
Aih's experi¬ 
ment. 

When a long 
eopper wire was 
connedled at the 
end with tine 

5 under weak 

u^. Kid) 

kiongen wu 
earUer given oat 


Tiiey tell us of two kinds of eleftricity coming from Ihe^U 
vanic apparatus one from the zinc end, tlie other from the 
copper end: the former being poiitive, the latter negative. 

Two diftinfi fluids moving in contrary direflions could not 
poiHbly cxift in the galvanic trough; by reaffon of that fluid 
proceeding from the zinc meeting that coming from the cop¬ 
per in each of the cells^ and confequently eftablifhing a con- 
Aant equilibrium, without producing any effedih When ihe 
decompofition of water is only taking place in one veflel (ad¬ 
mitting the above objeflion to be of no weight] (lie phenomena 
admit of an eafy explanation by this hypolheli.>; but when two 
vefTels are ufed connected by a wire arch, it cannot in any 
fhape be adequate; for as we have in each veflel both oxigen 
and hidrogen gafes, there muflalfo be both pofltive and nega¬ 
tive electricity; ihefe two contrary fluids would of courfe have 
to meet each other in the conneding arch, and according to 
another part of this theory form fenfible heat 

The poiitive wire, if a bafe metal is always oxidated; this 
efie£l is known to be facilitated by the electrical agency. Ac¬ 
cording to the principles in queflion, it w^ould be retarded by 
the power of affinity exifting between water and pofitivc elec¬ 
tricity. When the wires of a galvanic apparatus are brought 
into a metallic folution, no hidrogen is given out at (he nega¬ 
tive wire, but the metallic oxide is reduced. Now if metal- 
lie oxides be compofed of water and the metal, the negative 
deflricity would combine with the water, and hidrogen gas 
would be evolved—the very reverfe of the fa6l. 

My reafun for being thu^ particular in the examination of 
the hypolhefis of Mr. Richter and Dr, Gibbs, is to prepare 
the mind of thf rdader for fome experiments which I think 
will contribute to the firmnefs of the hypolhefis, which fup- 
pofes water to be a compound, and that the hydrogen is car¬ 
ried from the pofitive to the negative wire by (he eleflrit;^.' 

The well-known experiment of Dr. Afh (with the piate*of 
zinc and iiilver in a dilute fulphuric acid] 1 had occafion to 
vary in the following manner. I took a copper wire about 
eighteen inches long, and bent it in the middle fo as to form 

V They are of opinion that thefe two fluids camluned fonn calo¬ 
ric. They alfo hold with Dr. Frieftly that what are now termed 
metallic oxides are the refpeClive metals combined with water. 
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galvanic power, 

two*pafaIlel legs, about two inches diflant from each other. ** ^h« 

This I laid in an earthen ditli filled with dilute muriatic ttcid. wire: 

I then brought a piece of zinc in conta6l with one of the ends; 
bubbles of hidrogen were immediately given out by that part 
of the copper. After bubbles liad appeared for about two 
inches down this leg, I obferved bubbles on the end of the other 
leg,—they now proceeded down the two legs till at laft they 
appeared on the part where the wire was bended, I after¬ 
wards laid a piece of zinc at one end of the fame difli and a 
piece of gold at (he other. I prepared a metallic arch with 
two pieces of wire, one of gold, the other zinc, foldered to¬ 
gether. The zinc end I conncdled with the piece of zinc in—andfo like* 
the difti, and the gold end with the gold. After the 
bad been made about ten feconds, bubbles appeared on the between gold 
piece of gold. The diflance was about twelve inches. Inow*"*^ 
placed the pieces of gold and zinc at half the diftance, and 
made the communication with (he fame arch. The bubbles 
now appeared upon the gold in about half the before-mentioned 
time. Upon bringing the piecy flill nearer together, the gold 
gave out gas almofl inflantly, but yet in all (he three inflances 
{ had time to ubferve that the bubbles always appeared tirlloii 
that fide the gold next the zinc. 

I think from the above experiments that the difengagemenl Whence It Is 
of hidrogen from the gold does not depend upon its negalivo 
fiate, for this quality mufi have l>een produced on the gold in hidrogm d‘>es 
every one of the three inflances in the fame time, from the "eg/ftate*- b*ut* 
communication being always made by an arch of the fame that the elec- 
lenglb. On the contrary, it proves that the elearicity difen- ^un^ated”*”" 
gaged from the zinc is communicated to tljo*gold through the through the in- 
intervening liquid. If we obferve the length ot time taken up liquid, 

in its pafTage through this medium, we fl}all fee that if does not 
agftc^ith the laws of eleAricity, Is it not therefore proba- 
ble4hat when the oxigen of the water combines with the metal, 
the hidrogen combines w itli the eleAricity of the metal, and a 
compound of this kind obferves thafe laws confident with the 
phenomena. 

In each of the cells of tlie galvanic trough a quantity of this Probability that 
compound is diffufed through the liquid. The momenta com* in'eombinatioa 
munication is made between the two ends, the eleflricity en- with electricity, 
^ri each of the copper-plates, leaving the hidrogen in bubbles 

on 
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on the furface As this elcflrated hidrogen (if I ma^ be 
allowed the expreilion) does not move through the liquid with 
^ the facility of the ele£lricity itfelf, the neceDTity of a furface ot 
/ copper equal to that of the zinc is obvious. It is plain that 
only a proportionate quantity will be carried through the whole 
Objfftion to tht feries. This fa6l I liave afccrtained in attempting to reader 
JcnMmour the apparatus propofed by Mr. Wilkinfon and yourfelf ufeful 
Vol. VIII. p. 3. for all experiments. The thock is even lefs when the furface 
of Apper is lefs than a fquare inch. 

How the ctcc- ' The quantity of eleflraled hidrogen in each cell increafes 

tricit\ mcrcafcs the copper end to that of the zinc ip an arithmetical pro» 

tlic hidrogen m _ ' J , ^ . , •i^ • • ^ t r i • 1 

the sxttriur gremon. The clectndiiy only exilts in its umple form while 

it is pdding from the copper furface through the two metals to 

the zinc furface. It there combines with another portion of 

hidrogen, which it leaves at the next copper furface, and fo 

on accumulating in quantity the longer the feries it has to pafs 

through. In the decompoiilion of water by the galvanic 

trough the vctTels in which this is performed may be coniidcred 

as one cell in the feries. The eledlricity feizing the hidrogen 

at the pofitive wire and giving it out at the negative. 
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JUfttioir on the Origin qfWax'^^ Francois Huber, 
Member of the Society tf Natural Fhilofophy and Natural 
Hiftory of Geneva. 

It has been tlioiijght ftrange that the word wax fliould feldom 
occur in a boob whifrh treats of bees alone; but nevcrlhelefs as 
in the courfe of my obfervations, I had not attended to the 
produ6ls of their induftry, I could only have repeated what 
had been laid by Swammardam and Reaumur, and tUSt did 
not feem (c me to be neceifary. 

I knew tlmt thefe infects colleded abundantly upon (he an- 
therac of flowers, that (hey are acc'uainted with the metl^od of 

* This fa£l is very obvious when the copper furface is very clean. 
The hidrogen under contrary circumftances is empbyed to reduce 
the oxide. 

t From Journal de PhyGque, &c« Pluviofe, An- Xll. 
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opening ihenii of gathering their duftf keeping It in the ca^- * ^ 

vitics of their hind legs, and carrying it to their hives. 

It had beenobferved that the particles of this d\\& fwells in Examination of 
water, and that, when one of them burfts, an oily liquor runs poUen of 
out, which floats on its farface, but did not mix with it; from 
thefe experiments, repeated on the dull of a great number of 
flowers, it was concluded that they contain the principles of 
wax, but it was admitted that thefe mud undergo a peculiar 
elaboration in the body of the bee, fince, according to tlie 
experiments of Reaumur, a flexible wax could not be made 
from the dull of the amhera;. 

It will be feen from fevera! paHTages in my work that I had The true origin 

adopted this opinion: a Angle obfervalion of Burnens* changed fo long 

ailtny ideas. The true origin of wax might have been fooner unknown from 

known, had (here been any fufpicion that it was not already 

. II . . I . itwasttifcoyeicdi 

dilcovered. 1 (hall now itate how I was led to doubt, and what 

I have done to vejify my new conjeSures. 

I was in Switzerland in 1793 ; the farmer of the edate on Obfervatluns 
which I redded had many bees, and the greater part of 
hives having been docked ifl former years, the combs with 
which they were filled reached to the dands, confequently 
there was no room to conflrudl new ones. We remarked. 


however, that the working bees carried in a confiderable quan¬ 
tity nf this fecundating powder. 

Tlicrc was alfo in the fame apiary fome fwarms of that 
year, the hives having only been docked a day or two; in 
fome of them the combs were only began, in others they were 
larger, but in all of them there were vacancies to fill up, and 
much work to do. We obferved with adonifliment that the 
bees of thefe fwarms did not carry irf the pollen, and that, 
neverthclefs, they worked with aftivity in the coadruflion of 
4 iiPw combs, and in lengthening thofe already commenced. 
wl%re, therefore, did they procure materials for their edifices? 
After thefe obfervations, we fufpeded that it was not from the 
dufl of the damina, and that they had a very different ufe for 
Ulpan that for which it was believed to be intended. We 
however found that it w'as not impoffible to explain thefe ex¬ 
traordinary (a£ls, without abandoning the hypothefis of Keau- 


* Tiic name of M. Huber’s fecretary; which deferves to be 
known to the cultivators of natural hiftory. 
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tnur, by fuppofing that the bees of the old hives liored «p fo 
much pollen in their conabs for their future wants, while thufe 
of the new fwarms did not carry it outwardly on their legs, in 
the infancy of their eftablilhment, becaufe they had no cells in 
which they could depofit it; it might be fufficient to enable 
them to conftrud their combs, if they were at liberty to fly to 
the flowers, procure their pollen, and return to their hives after 
having filled their flomachs, where it mud be elaborated and 
converted into perfed wax. It was to obviate thefe doubts 
that I ufldertoo)^ the following experiments. 


FIRST EXPERIMENT. 


On Bees in Confincfi^ent with Honey alone for their Nourijhment^ 

Exp, I. Muft bees eat pollen to be in a ftate to produce wax? This 

fary°to quellion which I thought it neceflary to inveftigate: 

4uAion of wax? the method of trying the experiment was obvious; it was only 

required to keep the bees within their hives, and thus prevent 
them from collefiing or eating the fecundating powder. 

On the 24th of May, Burnens lodged a fwarin in a flraw 
hive, with as much honey and water as was neceflary for their 
^onfumption, and he clofed the doors fo that the bees could not 
get out and the air be at the fame time renewed. 

At firft the bees were very uneafy, but became calm on re¬ 
moving the hive to a cool dark place; their captivity laded 
five days; they were permitted to come out in a room, the win¬ 
dows of which were fliut: we then examined the hive morp 
conveniently. We drd noticed that there was no honey led 
in the veflel which had been fliled with it, with the foie inten¬ 
tion of feeding the confined bees; and were more adonithed 
to And five com^s of the mod beautiful wax, fafpended from 
the roof of the hive; they were perfeflly white, and very 
brittle. This refult was very remarkable; however, before 
forming a conclufion from it, that the honey with which 
bees were fed bad enabled them to produce the wax, it wa^ 
neceflary to enquire whether it could not alfp be explained in 
another manner. 

The bees which I had employed had doubilcfs collc^cd (be 
dud while they were at liberty. 

They might have done fo the evening before, or on the very 
day of their confinement, and might havq enough in their do- 
machs, and in the cavities of their legs, to extra^ from it a|l 
(he wax which we bad found in their hive. 
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BuA if it was frae that it had been obtained from the ferun* 
dating powder previoufly obtainedi this fource was not ioex* 
hauftible, and the bees being unable to procure any morCt 
they would foon ceafe to confrrud combs, and fall into the cnoft 
complete inaction. It was necelTary therefore to continue the 
fame trial to render it decifive. 

The 28th, Burnens returned this fwarm into its hive, after 
having taken out all the combs; he ihut them up as before with 
a freth fupply of honey. 

This experiment was not long, for on the evening of the 
feconci day we perceived the prifoners working with new wax. 
The nest day the hive was infpeQed, and we found five combs, 
as heavy and as regular as thofe made during their firll capti- 
vitv. 

We afterwards repeated this experiment five times fuccef* 
lively, with the fame bees, and the fame precautions; weaU 
ways found that the honey had difappeared, and that new wax 
was produced. This refult was fo invariable during this long 
fecluGon that we could no longer doubt that the honey alone 
had fiipplied them wilh all the elements of their wax, without 
the alfifiance of the fecundating dufr. 


SECOND EXPERIMENT. 


On a flive from which Honey was excluded, nnd in which only 

Pollen and Fruits for the Nourijhment of the Bees were left^ 

I thought it would not be ufelefs to make the inverfe of the Exp. 11: 
preceding experiments; it would fliow me whether the pol¬ 
len could not fupply the want of honey when the bees were 
deprived of it, and enable them to produqe*wax. 

I therefore enclofed a fwarm in a bell-glafs, in which had 
been placed a comb whofe cells contained only pollen, and the 
foI^niQirilhnient of the bees was fruit. 

Thefe bees did not make wax, nor did they form a fingle 
cell during eight days, which was the time of their capti¬ 
vity. 

I was going to repeat this experiment, when Burnens re- Bees fed on 

marked that the free bees were, in fome meafure, in the f**”® ^^'*^** 

Hate as thofe we had confined; there being no honey at that Jix"*** 

time in the flpwers, .they found only pollen, and did not work 
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OTS BBEf WAX. 

I may perhaps be sfked how I was fatisfied of this, todwhich 
I anrwer, bees^wax is white at iirft, the ceils Toon become yd- 
lew, and in time, this colour grows browner, and in older 
hives the combs have acquired a blackiih tinge. It is there¬ 
fore very eafy to diftinguith the new cells from tbofe which 
have been fomc'time formed, and confequendy to know whe¬ 
ther the bees are really making combs, or whether that work is 
fufpended; it is fufficient lo raife the hives, and to notice Ute 
lower edges of (he combs. 

The odour exhaled by the hives, and the fhape of ‘he bees, 
are indications by which it may always be known whether there 
is honey in the dowers; if they are combined, there can be 
no further doubt, and, particularly, if a great number of bees 
return to the Inve, which are remarkable for the bulk and the 
form of their bellies, Thofe which are filled with honey have 
the abdomen cylindrical; the name of wax-making bees be¬ 
longs to them exclufively: the bellies of the labouring bees 
which have other functions, always preferve their ovoid form, 
and their volume is never fenfibly augmented; the name of 
nurfing bees is proper for thefj. 

Tlie farmers of the neighbouring villages kept their bees in 
bafkets, or in cafes of different forms; and I was able to vifit 
a very great number without going to any great diftance from 
my habitation. 

In 1793, an intemperate fpring had retarded the reparation 
of the fwarms; there had not been any in the country before 
the 24lh of May ; but towards the middle of June there were 
feveral in the vicinity of my rcfidence. At that time the fields 
were covered with flowers, the bees coltefled much honey, and 
the new fwarjins worked at the wax with vigour. 

On the I8lh, Burnens vifiled fixty-five hives; at the en¬ 
trances of all of them he obferved wax-making bees, l^ofe 
which returned to old hives, not having toconfirud ce|fs, de- 
pofited their honey in the combs, or difiributed it among tbeir 
companions; thofe belonging to the fwarms converted their 
honey into wax, and hafiened to confiru£l combs for the rC* 
ception of their young bees. 

It was (howery on the 19th: the bees went abroad but 
brought home only pollen. The weather was cold and rainy 
until the 27 th. We were defirous of knowing if this had pre¬ 
vented their working. On the 28th, all the hives were lifted: 

Burnens 
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Burnvf found that the work bad been (lopped; tho combs ' 
which he had meafured on tiie 19lh> were not at all incrbafed, 
and were of a citron-yellow, nor was tliere a fiagle white cell * 
in any of thefe hives. 

On the Ifl of July the chefiiuts and limes were in blofibm, ^andadry 
the therm^eter indicated the 20th degree; the wax-making 
bees re*appeared, they carried away great quantities of honey, 
which, as we had before obferved, was employed in aug¬ 
menting the provifions of the old hives, and in enabling the 
young fwarms to condruA new combs. 

The greatefl afitvity was obfervable among them: the ga¬ 
thering of honey, and the prodiiflion of wax continued until 
the middle of this month. 

J“iy I6tli, the heat remained the fame : the held flowers, as 
well as thofe of the chefnuts and limes, were completely 
withered; they jielded no more honey ; their pollen alone at¬ 
tracted the working bees, and they collected it abundantly, 
but there was not any wax produced: the combs were not 
lengthened; Ihofe of the young fwarms did not fill more than 
two thirds of their hives. * 

Augufl 9th. It had not rained for fix weeks, the heal was 
%'ery powerful, nor was there any dew to allay it during the 
night; the black wheat which had been in flower for fome 
days, did not offer any honey to the bees; they found only 

On the 10th, it rained for feveral hours; next day the black 
wheat had the odour of honey; in fa6t it might be feen glit¬ 
tering in their expan fed flowers. The bees found enough to 
feed them, but too little to induce them to w'ork at new wax. 

On the ]41h, the drought re-commenc6d, and laffed to the 
end of the month: no more honey appeared upon the flowers, 
a.vl, when we vifited the fixty-fivc hives for the laff time, we 
foun^. 1(1, that the bees had not produced any wax after the 
middle of July; 2d, that they had (lored up a great quantity 
of pollen; 3d, (haft the fupply of honey was much leflhned in 
tbe old hives, and that hardly any remained in the new fwarms, 

(hat which they had colleded in the fpring having been em¬ 
ployed in the preparation of wax; the pollen, therefore, has 
pot this property, and no further doubt remained on this head. 

This year had nut been ftormy, and I have fince afcerlained. Weather moft 

by a great number of obfervations, that eleCtricity is (ingularly favourable to the 
^ ^ ^ c ^ ./labour of bcei. 

^ favourable 
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^ * fa\*ourabIe to the feoreliofi of honey by the floweri: th^ beet 

never colled it in greater abundance, nor is the preparation of 
wax ever more adtve than when the wind is in the fouth, the 
air humid and warm, and a ftorm gathering. 

Heat too long continued, and the drought which is the con- 
fequence of it, cold rains, and principally a north wind, fuf- 
pend it entirely, 

THIRD EXRERIMEKT. 

On the Ufetohteh the Bees make of the fecundating Povider. 

Exp. IIX» In the fecond experiment the bees divi not touch the pollen 

which I had placed within their reach, and, as its quantity was 
not feniibly diminifhed during this trial, I was induced to be¬ 
lieve that it was nut an aliment proper for them. 

What is the ufe I alfo knew that the new fwarms were liable to perilh from 
of polleu? hunger in the middle of fummer, and even when the country 

was covered with flowers, if a particular temperature, which 
is too uncommon in our climate, did not favour the fccrelionof 
honey in their ne£tar!a. Wh|t, therefore, is the ufe of the 
pollen which they with fuch avidity during eight months 

of the year, and of w'hich they lay up fuch abundance?* 

This queftion remained to be invedigated. 

I had a hive, in divilions, the queen of which was barren; 
its combs did not contain any pollen, but they had much ho¬ 
ney : the two narrowefl fides of this hive were formed of panes . 
of glafs, through which the furfaces of the exterior combs 
might be feen, and the condud of the bees obferved. 

The queen, bee 1 took away (he queen on the IGth of July, but to confole the 
taken away. working bees I removed the firft and the twelfth combs, in 

which there wal not any thing to intereft them, and I fupplied 
their places with two combs, the cells of which were filled 
with eggs, and worms of all ages. I carefully cut aw^pr Id 
the cells in which pollen could be perceived, and (hut up tks 

* Reaumur was of opinion that the bees of a well-ftocked hive 
might coUe61; at leaft a hundred pounds of this.fubftanceinthe courfe 
of a year; but, having remarked that the weight of wax, fabricated 
in the fame time, did not exceed two pounds, he concluded ** that 
the bees cxtra£^ only a very fmall portion of the true wax from thi^ 
native wax, that the greateft part of it it required for their nourifh- 
ment, and, that the reft is difeharged from their bodies in the form 
of excrement.*’ 

hive 
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hive y^ith a grating. My intention will be gaeflfed; I witbej # * 

to know whether thefe infeds could fapport their young with* 
out tills fecundating powder. 

The next day nothing extraordinary occurred; the bees fat 
on their eggs and Teemed tonurfe them. 

On the 18th, after fun-fet, a great noife was heard in the 
hive. Anxious to fee what occafioned it, we opened the lliuU 
ters, and obferved that all was in Confufion: the incubation was 
flopped; the bees ran over the combs indiforder; we faw 
thoufands precipitate themfelves on the Aand, thofc which 
were nearefl to the mouth eagerly gnawed the grating; their 
intention was no longer doubtful, they wifbed to get out of 
their confinement, 

I was fearful of deftroying them by continuing to prevent 
them from yielding to their inflinA, they were therefore Tel at 
liberty: the whole fwarm came out, but the hour was unfa¬ 
vourable to their colle6ling, the bees did not go far from the 
hives, the darknefs, and the chillinefs of the air. Toon compel¬ 
led them to return, and probably calmed their agitation, for 
we faw them quietly reafeend th^ir combs, and order appeared 
to us to be re-e(lablifhed. This moment was taken to clofe 
the fiive again. 

On the Idih, we faw two royal cells begun on one of the Other myal cells 
combs of the nurlery (t-ouvain); the evening of this day, and 
at the fame hour as the day before, we heard a great tumult in 
the clofed hive, it was in a general confufion, and we were 
again obliged to permit the fwarm to come out. 

The20th was the fifth day of their captivity; we thought 
it had been of fuflScient duration, and were alfo very impatient 
to examine the nurfery, and to fee what we^s* the caufe ot the 
periodical agitation of thefe bees: fiurnens therefore opened 
the firll and twelfth windows, and drove the bees trom the 
co^st^futl'ering them to lake their flight in a room, the win¬ 
dows oP which were Ihut. 

He firfl noticed that the royal cells had not been continued, 
that they did not contain any worm, and that there was not an 
atom of the jelly wnich lervesfor the nourifliment and the cra¬ 
dle of the larvs of the queens. 

He fought in vain tor eggs, for worms, and for the liquid in —but the pro- 
the common oelU; all had difappeared. Had thefe 

diediel 
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^ I died of hunger ? Had we, by withdrawing the fecunijbdn^ 
powder, deprived the bees of every means of nourifiiing 
them ? 

To afcertain this h would be fufBcient to refiore them their 
pollen, and obferve iheilTue. The bees were therefore again 
returned to their prifon, after having fubftitated young worms 
Cor thofe which had been fuflfered to die. 

On the 22d, we found that the bees had faftened thefe combs, 
and that they were again in a ftate of incubation; we then gave 
them Tome pieces of combs in which other bees had ftored up 
the fecundating powder, and, the better to obferve what they 
did wkh it, we took fome of the pollen out of the cells, and 
laid it expofed on the lland of the hive. In a few minutes the 
bees difcovercd the pollen in the combs, and that which wc 
had taken out; they took it grain by grain in their jaws, and 
conveyed it into their mouths; thofe which bad eaten moll vo- 
racioofly re-afcended the combs, and placed tliemfeives, 'at 
firll, upon the cells of the young worms,*'w’hich they entered 
with their heads foremoft,/ and remained there a greater or lef^ 
length of time. One of th<4windows of the hive was now 
opened cautioufly, Burnens powdered the bees which cat ti»e 
pollen, and watched them for fome hours; Iieobferved thaUhe 
marked bees always re-afcended to the nurfery, and immedi¬ 
ately entered the cells of the young bees. 

The 23d, we found the royal cells begun. 

The 24th, we drove the bees from oft’ the young worms, 
and we remarked, 

id. That all of them had the Jelly, as in the common hives; 

2d, That the worms had grown larger, and were forwarder 
In their cells: •, 

3d, That others had been (Imt up again: And, 

4th, That the royal cells had been lengthened. 

The 25th, we withdrew the pieces of comb which |fctjad 
placed on the Hand, and found that the quantity of ptnlen Was 
fenfibly diminifhed; we afterwards replaced them m the hive 
with other cells filled with the fecundating powder* 

The 26th, the royal cells had been clofed during the night, 
as well as feveral of the common ones. 

The 27lh, I reftored thefe bees to liberty; Burnens exainined 
the ceiU with the greateft atleniion, and found jelly in all (hoTe 

which 
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whic)^ ftill contained wornis^ but tnofi of them were that with < ^ 

m lid of wax: he exaBtined fome of the latler, and fuDDd the 
worms employed in fpinning coaions of filk. 

All the worms had therefore been tended as in the natural 
hives. In this fecond trial we did not perceive any diforder 
in this hive; there had not been (he leaA agitation: U is true 
forne of the working bees attempted to go out in the courfe of 
the day, but finding it impofhbte. they re-afeended the combs 
quietly, which were never left for an infiant. The hive being 
abundantly fupplied.with honey^ and with the pollen neceifary 
ibr their young, left them nothing to wifli for; and they were 
ftili more happy wiien a queen was born, who afterwards be¬ 
came pregnant, and laid a great number of eggs. 

After thefe two experiments there could be no more doubt The pollen is 

that the fecundating duft was the aliment proper for the young therefore the 
, 1 ^ 7. . . *ood of young 

bees, and that the want of this fubuance was the caufe ot their 

death, and of the evident anguifh of their nurfes during their 

firft captivity. 


FOURTH 


EX| 


ERIMKNT. 


Vn Bees deprived of Honey and Pollen, and which it was aU 

tempted to feed with Sagar^ 

I widied to know if it was the faccharine part of the honey 
which enabled (he bees to produce wax. 

Burneas confined a fwarm in a glazed hive: one pound of 
Canary fugar was their fole*aIiment. 

He put a fecond fwarm into another hive, and endeavoured 
to feed them with very coarfe raw fugar; and to obtain a term 
of compai ifoii, a third fwarm was (hut up jtl thefdme manner, 
and fed with honey. ' ^ 

The bees of the three hives produced wax; thofe fed'with 
tht du ferent qualities of fugar produced it Iboner than the 
fv«^rm\vluch had only had honey, and they produced it in 
greater quantity. 

A pound of Canary fugar reduced to fyrup, and clarified 
with white of egg, yielded 10 gros, 52 grains, of a wax not 
fo white as that which the bees extras from honey. 

An equal weight of raw fugar gave 22 gros of ver^ white 

Wax. 

Maple 


Exp. IV. 

What part of 
the tioncy con* 
tains the piinci' 
pies of the wax ? 


Wax made froih 
true fugars of 
different 
ties* 
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Maple fugar prodoced the fame efTeS. This experji^eni 
having been repeated feven times fucceffively, always employ- 
ing the fame bees, we could not doubt that fugar contains the 
principles of wax, and we concluded that it was the iaccha- 
rine part of the honey which had this property. 

CONCLUSION. 

Thcfe obfervations (hew, 

I ft. That the wax comes from the honey: 

2d, That the honey is alfo a food of the (irft neceffity to the 
bees; 

$d, That flowers do not always contain honey, as has been 
imagined; that this fecretlon is fubjed (o the variations of the 
atpiofphere; and, that the days in which it is abundant are 
very rare in our climate: 

4th, That it is the faccharine part of the honey which en¬ 
ables the bees to produce wax: 

5tb, That raw fugar yields more wax than honey, or refined 
fugar: 

6'th| That the duft of the ft^mina does not contain the prin¬ 
ciples of wax: 

7th, That this duft is not the food of the adult bees, and that 
they do not collcfi it for tbemfelves: 

8tli, That the pollen aflbrds the only aliment which is pro¬ 
per for their young, but that this fubflance muft undergo a pe¬ 
culiar elaboration in the ftomachs of the bees to be converted 
into an aliment, which is always appropriated to their fex, (heir 
age, and their wants, fince the bed microfeopes do not fhew 
tlie particles of pollen^ or their coverings in the liquor pre¬ 
pared by the worlung bees. 

I fiiall fpeak of the economical confequences of thcfe ob¬ 
servations op another occafion. By (bowing the breeders the 
real wants of the bees, they will be potTetTed of the 
affifting them in time, in all their neceffities, and of pfefcK*- 
ing them in climates in which nature has not placed them, and 
IQ which they could notprofper without our aid* 
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An Rnquity cmcmiing tha Nniure of Htnt, and the Modes ,0/ 
iU Communication. By BsviAMtN Comt <2f RuM>okD« 

F. P. R. S* d^c. Abridged ftom the Philojbphical ^Shtnf 
n&iomfot 180K 

(Coriciudod fnmi ^ 83#) 

Exp. 12.’X'wO equal cylindrical velTeU of (heet brafs po«Bxp. ta. Bi»- 

liihed very bright^ each three inches in diameter and 

inches long, fulpended by their oblique necks in a horizontal Caud, do, at 

pofitionj being placed on their wooden Aands, were filled ‘^*1 di(Uiicts» 

with water at the temperature of 180®; and their circular flat 

bottoms were prefented, in a vertical pofition, to the two 

balls of the therniofc^e> at the difiance of two inches* 

When the two hot bodies were preCentedf at the fame mo¬ 
ment, to the two balls of the inflrument, or what was ftill 
better, when two fereens were plated before the two balla^ 
at the difiance of about an inch, and* aAer^ the hot bodies 
were placedi thefe fereens were both removed at the fame 
infiantf (he bubble remained without motion in -the middle 
of the horizontal prt of tlie tube of the infirument* 

If the di fiances of the equally hot bodies were rendered 
unequal, the bubble always moved towards the mofi remote 
of th^two; and if a Angle hot body was prefented to one 
of the balls, the bubble Mas driven from it, and might have 
been carried quite out of the tubef which, however, was 
always avoided, as the infirument wouldbeen by Uiat 
means quite deranged. ^ 

Exp. 13, The flat circular bottom of one of the cylindrical Exp. 13 . Acy- 
ve^is^t blackened by holding it over the flame of a wax 
cariSIe, roe other veflTel remaining bright as before, . Both giUio^ mow* 
were then fillad with water at 180®, and preleuted at equal 
diflaocei totbe two opppfite balls of^the inftrume&t, as de- 
fevibed in tbe lad experiment* 

The bubble was inftantly driven out of its place by tbe 
fuperitx' adion of the blackened furface; and it did not return 
to its former fiation until the blackened furface had been ;re# 
moved to more than eight inches from tbe ball to which it was 
Yol. IX.—NovaMBfiR, fSOl, O prefented; 
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* prefented; the otfa^r, virhich had not been blackened, re¬ 
maining in its firfi pofition, at the diftance of two inches. 

The other eoit- Other iimilar experiments were made to (hew whether 
JJSiwaied the eoalings or clothings which, in the former experiments 
cooling, werealfo with the large veiTels, had accelerated their cooling, did allo 
£e*radktion?*** ^1*®**' power of radiation, as (hewn by the procefs and 

inflruments laft defcribed. And the refulls invaiiably proved 
that (his is (he cafe. 

It was alfo a queftion deferving to be invefiigated, whether 
any peculiarity belonging to the metallic furface hitherto ufed, 
namely of brafs, might have influenced (he refults. 

Sap* r4f 15 * Ejp, 14, 15. The two large cylindrical veflels No. I and 2, 
ActtnSate were covered with a fingle coating of oil varni(h. and on this, 
o^ttglly. When fufficiently dry, was laid a covering of thick gold leaf 

upon No. t. and thick filver leaf on No. 2. Thefe vefTels 
were cooled through the interval of 10 degrees, in the fame 
time as the naked vefTel ufed as the flandard. Similar expe¬ 
riments with velTels of tinned iron and of lead, (hewed that 
the radiation from all thefe metals, though fo diflerent in their 
condufting power, is the farfle. 

Is not this,” fays the Count, " owing to their being all 
equally wanting in tranfparency ? And does not this afford us 
a flrong prefumption that heat is, in all ca(‘es, excited and 
communicated by means of radiations or undulations, as I 
flmuld rather choofe to call them 

And he proceeds to obferve, that another very important 
queflion alfo mull be decided before thefe points can be deter¬ 
mined, and that is. Whether bodies are cooled in conlequence 
of the rays they emit, or by Ihofe they receive ? The celebrated 
experiment of Pi£tet has (hewn, in our author’s opinion, that 
rays or emanations proceed from cold bodies, which may be con¬ 
centrated by concave mirrors, and will affefl a delicat^ air 
thermometer. 

2 xp. x 6 , 17 . Exp. 16, 17. The horizontal cylindrical veflels (Fig, 3, 

prefent volume) were made very clean and 
p^ure of athcr bright, were duly fixed, and left for feveral hours in a room 
Mies by radb- gear the thermofeope; and when each veflel was in fuceeSion 
Metal horisoa- pi^fented to that inilrument, with every precaution to pre* 
tdly placed. vent irregularity from external circumftances, it was not found 

to be affedled by them. One of (he velTels lyas now taken 
away and filled with tee and water, and then prefented, at the 

diiiance 



ON THB KATUEB OF lIEATj 


diftarvce of four inches, to one of the balls of tiie thermoicope: 

The bubble itnmedialel/ moved towards the cold body^ and 
pafTed through the fpace of one inch. A nearer approach of 
the cold body produced a Qill farther motion in the fame dt* 
reflion. 

Exp. 18, 19. Though this refult appeared to the Count toEzp. li, 19 * 
prove indifputably that cold bodies emit rays capable of 
rating cold in warmer bodies, yet» from the importance of the nesth ^ ther- 
taft, he chofe to vary the fubllance prefented to the inftru- 
ment, as well as to remove all fufpicion of the aflion of cold Nocutrentof ^ 
currents of air. He therefore laid the thermofeope on one 
lide, and placed underneath one of its balls a folid cake of ice,^ 
at the dtfiance of fix inches. The refult of this experiment 
was the (ame as of the other, and the bubble was moved one 
inch in the tube. Ice-cold water produced the fame effed as 
ice itfelf. 

£xp» 20. Whether this eSedt of cold bodies be governed by to. Mctd 
the iame laws as tlfofe obferved by varying the nature of the 
furface in heated bodies, or by any other, now remained toiQlbiHiisAtiniM^> 
be afeertained. It was beforg found that metal Wf^kened 
over a candle, did emit much more of calorific rays than theiaceatftMiMii* 
fame metal when naked. The fame experiment was now^®^**"*** 
made with cold bodies. One of the cylinders had its end 
blackened, and the other cylinder was left bright and naked. 

Both were filled with ice and fait, and at the fame indant 
they were fuffered to a6t from equal diflances on the thermo-^ 
fcope. The babble moved towards the blackened body; not 
indeed fo much as when the bodies were heated in the former 
experimertls, becaufe the temperature was not here fo far 
didant from the common temperature of furrounding bodies 
as in that experiment; but on feveral repetitions of the ex¬ 
periment with thefe cold bodies, the effedt was conftantty the 
f^e^l It was found that the precipitation of ice out of thelcentiaMSawit 
fuvrouffding air tended fpeedily to raile the temperature, and *^ "•*"*• 
slfo that the clean furface, when covered with ice, had a 
greater frigorific effed than when the metal was naked. 

21. The radiation of heat from animal fubfhinces ap-£sp. at- OoM- 
pearing^ fi-omfome&fis, to be coniWcrable, ® pi®®®of 
beater's fkin was applied wet to one of the vc^ds, and re-morechaaiiwtab 
mained firmly adherent when dry. This, when filled with *'o*^]J[**“ 
ivater at tSO^, and prefented to the (faermolcope in oppofltion 

0 2 to 
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to the other veflel clean and brigbty and alfo filled with the 
fame fluid at the fame heatj was found to be much inore*Valo« 
rific. The bubble which moved from the coated body, did 
not ^return to its fiation until this body was removed to a dilV 
tance five times as great as that of the other. Whence our 
author concludes, that it emitted twenty-five times the quan¬ 
tity of calorific rays. 

Exp. ts; Sishi- Exp^ 22, The veflels ufed in the laft experiment were 

and refilled with ice and water. They were then 
goM-beat- prefented at equal difiances from the refpediive balls; and the 
cfTefl of the body which was covered with gold-beater's lkiii« 
by radiation. was much more confiderable in producing cold. 

The radiation of cold bodies appearing to the Count thus to 
be proved beyond all doubt, he was defirous of afcertaining 
whether the frigorific rays poflefs an equal power of affeCling 
the temperature of bodies as the calorific rays do; the tem¬ 
peratures of the radiant bodies being at the fame difiance each 
way from the body to be aded upon. • 
agi A hot Exp, 23» With this intention* one of the velTels filled wUh 
pounded ice and water, was prefented to a ball of the infiru- 
^^imecom* ment, and the other vefiel filled with water at 112^* was 
mon prefented at an equal difiance on the oppofite fide of the fame 

Smofeope temperature of the room and inflrument being 72^^ 

eguslly* or 40^ difiant from each of the temperatures of the veflels, 

and the other ball of the infirument being defended from all 
radiation by fereens. The bubble remained motionlefs; fo 
that the oppofite adions were in fad equal. And when either 
veflel was drawn farther off, the effed of that veflel became 
lefs, and the bubble moved ; that is to fay, towards (he ball if 
the cold veflel wejre nearefi, or from the ball if the hotter; 
and thefe eflTeds were equal in quantity as well a$ in celerity 
of motion/ 

Why the co(4« The Count again repeats his concluGon from thefe £xpL- 

rimenls lately exhibited to Profeflur Pidet* M.de Ssf^Bavt, 
and M- Senejbier at Geneva, that the rays which generate cold 
are jufiasreal and jufi as intenfe as thofe which generate 
heat; and he proceeds to account for this refuU having been 
overlookedi by obferving, that the degrees of cold We are able 
to produce* are much lefs difiant Kram the ufual (emperaiare 
than thofe of heat, which are wjthin our power* Thus a can* 
non ball, heated to 16 J degrees, or 7Q degrees tdlfove bloods 
. ■ ‘ " beatff 


has been left no 
ticed. 
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wouM radiate cjuite as much as ice; and a bullet 6 f 
fteeaing mercury weuld radiate fcarcely more than another of 
boiling water: both which hot temperatures are very trifling 
in comparifon to the heat in which we are habituated to notice 
and obferve this phenomenon. 

Exp, 24'. After the proof that cold bodies of the fame kind Exp. 34 . The 

affect the thermofcope equally, when equally didant from the 

common temperature, it remained to be determined whether moft heat by ta* 

the different modifications of furface have the fame effefls in ******®"f do rifo 

produce awft 

the ready propagation of lower temperatures^ as they had cold. 

(hewn before in higher. To fliew this, it was only required 
to oppofe them to each other, as to their a£iion upon the fame 
ball, as in the lad experiment. With this view both difes 
were blackened, and, the temperature of the room being 72° 
as before, one of them was charged with ice and water, and 
the other with water at 112 °. Thefe, at equal didances from 
the ball as before, did not afie£i the bubble, and therefore their 
adions were precifely equal. 

In the confideration of two ^cinds of rays, calorific and not the fimi 
frigorific, it did not efcape the attention of our author, that 
hot and cold are terms denoting mere relations; fo that the the tempvaturt' 
fame body will be either hot or cold accordingly as the com- emanstinf 
inon temperature, or temperature of the bodies of compart*^ or lower than the 
fon, is lower or higher. Quedioning, therefore, as to the body, 

difference between calorific and frigorific rays, lie demands 
whether the fame rays may not be either calorific or frigorific, 
accordingly as the body at whofe furface they arrive, is hotter 
or colder than that from which they proceed i 
Evp, 25. The whole of the external furfaCe of one of the Exp. 15 . Meul 
large cylindrical paffage thermometers, Fig, 1 , PlateJ. ^Id^eaiejS 
covered with gold-beater's ikin, and, along with the dandard ikin cools fafteri 
indif^mc^t of the fame kind, was filled with hot water. The 
covered mdrument cooled through the ftandard interval of 
ten degrees, namely, from 10I| to 91 in twenty-feven and 
three quarter minutes; but the naked indrument employed 45 
minutes in palling through the fame interval, 

Exp, 26- Both indruments were fuffered to remain in 
cold all night, when the temperature in the naked indrufnenl beat 
was 50|>°, and that of the covered indrument 49 j"; the air quickly, 
of the room being 48°. Both indruments were then removed 
inlQ a warm room, of which the temperature continued 

tween 
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iwecn 64^ and 65^» The covered infirumeht acquireif heat 
the rood rapidly; for in a quarter of an hour both flood at 
51 end gt the end of four hours the naked inflrument 
Ibewed (he temperature 61^« and the covered : whence 
the Count obferves, that (bofe fubfiances which part with 
heat the mod readily, have alfo the greateft facility to ac* 
quire it. 

**A**’l^ ** proceeds to reafon on the probability that the lem- 

iater poratures of bodies may be changed, not only by the rays 
thehesa of bo« they emit, but by thofe they receive from other bodies; and 

as the cooling of hot bodies is fo much accelerated by covering 
their furfaces with fubfiances which affect the radiation or ab- 
Radiition does {brptiop, he thinks it highly probable that the air is but little 
not heat the air. to its temperature, by thefe rays which pafs 

through it; and he contemplates the eliablifliment of this fup- 
pofition, as promifing to explain various interedlng pheno- 
Steadr tevpera-nomena; particularly that of the fleady (temperature of living 
tore of animals, notwithftanding the great quantity of heat generated 

in tiieir lungs, apd the diir^rent temperatures of the fluid 
which furrounds them* ^ 

may he aflefted jof it IS evident, the greater power an animal may poflefs 
hy laduuon* throwing off beat by radiation, i])dependently cf the efleft 

pf the contact of the furrounding air, the lefs will his tern-* 
perature be aflfeded by the changes ip that fluid, or ({le op- 
Inftanceinne- preffiy^ heat of the climate. The probability that negroes 

pnd pieople of colour, who fupport the heats of tropical eji* 
mates much better tlian white people, offers itfelf in this 
place as the confequepce of their colour; a quality which not 
only enables them throw off heat, but even, as the Count 
pnuch fufpe^ls, to abforb frigorific rays from fueb bodies as 
may emit them. 

Exp. 17 . Black 2rp, 27. When the flat ends of both the horizontal c^iin- 
marmOTTrane” drical veffels were covered with gold-beater's fkip.l&nd^ne 
increafes ndia* of them, painted black upon the covering with Indian ink, 
EmiiTion indicated by (he thermofeope, emitted rooie 

calorific rays from the included hot water than the other veficl 
ditfc^' 

*nd «Hb recep* gg. When the fame two velTcls filled with bojUng-hot 

, water, lyere fet to cpol, the blackened vcifel cooled through 

the flandard interval of ten degrees in minutes, wbrie 
the otbcVf which was not blackened, employed 28 minutes. 

4* Tlic 


may be aflefted 
by ladUtioa. 
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T^e author again rex^erts to (he application of die(e d tM 

to animal bodies. Whether the oily coating which favages 
apply to their Ikins in cold cltmalesj may not add to thejh' ftc. and of the 

comfort by reileAing frigorilic rays; whether the Hottentots, rn*ie*'flUn"of* 
fiill more difguAingly bermemcid, may not derive advantages negroes, 
fimilar to tbofe derived by negroes from their black colour? 
are queftions that promife to lead to refulis of prafiical value. 

He then proceeds to explain more fully the manner in which 
negroes may be fuppofed to refift the adion of a burning fun. 

An oil exudes from the ikin of thefe people when expofed 
naked to the fun; which oil reflects the fun’s calorific rays. 

Heat more intenfe produces fweatf which not only aids tlie 
former procefs, but generates cold by evaporation. But when 
the fun is fet, the oil retires from the furfacei and the fkin 
becomes well adapted to admit frigorilic rays from the neigh* 
bouring bodies. 

Exp, 29. The thermbfcope was perceptibly 8fie£ted by the Exp. ap. Vcfftl 

radiation of cold Bodies: It was dcdirable to know whether ITf**** 

rsipidiv cooi s a mt 

this effefl would be thewn in a grofler way, by accelerating radiation fiwn 
the cooling of a hot body. #For this purpofe, two conicaM^^* 
veflels of thin flieel brafs, eacli four inches diameter at the 
bafe, and four inches high, ending above in a cylindrical 
neck, were f^arately enclofed in a cylinder of thin pafte- 
board covered with gilt paper, and then the veflels were 
covered up with rabbit-fkina having the hair on them, in fuch 
a manner that no part of ihefe veflels, except their flat bot¬ 
toms, was expofed naked to the air. The bottoms were co¬ 
vered with gold-beater’s (kin painted black with Indian ink, * 

in order to render them as fenfible as polhblc to calorific 
and frigorific rays, , * 

The two veflels thus prepared were fufpendedt with their 
l^ottoms downwards from the arms of a fland, and under each 
was jiaced a pewter platter blackened on the jnfide by fmoke 
ftom a candle. The platters themfelves were fupported on 
ihallow earthen diflies which refled upon wooden (lands; eacii 
pewter platter having a perforated cover of thick paper, jn the 
center of which was a hole fix inches in diameter. The diflance 
from the floor of the room to the fmoked furface of each platter 
was 40 inches, and the interval beiweep the furhu:e of each 
conical veflel and its correfpondent platter immediately beneath, 
was four inches. One of the platters remain^ at thetempera- 

tive 
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)&xp. 30. Repe¬ 
tition* 


Velocity of cool¬ 
ing iccelerated 
by the radiation 
^rom ice, in the 
raUo ol $ to 4. 


txp. 31. PrO- 
ccfi to fhew the 
heat flbforbed by 
the air when a 
current was al¬ 
lowed to take 
place. It was 
thenonetwenty- 
feventh of the 
whole lofs* 


t 

tufe of tbe room« but the other was kept condantly icencold 
by means of pounded ice and water contained in the diA 
beneath it. 

The two conical vefTels were now filled with boiling hot 
water^ and every precaution wax taken to prevent agitation in 
the air; (he only means by which an afeent of cold fluid could 
be fufpeAed* The refuit of the experiment was that the 
veflel fufpended over the ice-cold platter cooh-d from 50® to 
that of 40^^ above (he temperature of the room, in 33 minutes 
and 42 feconds; whereas the other veflTel required 90 minnles 
and 15 feconds to cool through the fame interval. 

Exp^ 30. Upon repeating this experiment the next day, 
the times were 33 minutes 15 feconds and 39 minutes 30 
feconds. 

As the cooling of thefe veflels is a complicated procefs which 
includes tbe cunfideration of the heat that pafled through the 
covered tides, iu thefe different times ; the Count enters into 
a procefs of computation, founded on the principles made ofe 
of at page 61, by which he determines that the velocity with 
which the beat pafled throught^he bottom of the veflTel expofed 
to (he ice, was to that with which it paffed through the bottom 
of the other veflel as five to four nearly, 

Eip, 31. By the manner of defending the two conical veflcls 
each had a circular band or hoop of the fine poll paper which 
projected half an inch below its bafe. Jt is evident that the air in 
this fpacecould not pafs upwards, as it became heated by con¬ 
tact, and confequently, that very little of the cooling efFedt could 
have been produced by the contact of an afeending current. To 
afeertain what thisefFe^l might have been, (he two veflels were 
fufpended as before ^ but one of them had its bafe inclined in 
an angle of 45^, while (he other bafe continued horizontal. In 
this iituation they were filled with boiling water, and 
fered to cool without (he platter and fiands beneath^bero* 
Two efie£ls would follow from thefe arrangements; the x^eflel, 
which in the other experiment had been placed over a platter 
at the temperature of the roomj would now cool a very little 
fafter by the abfence of that piatteri which no doubt mufi have 
had its temperature a little railed; and the inclined vefiel in 
tbe prefeni experiment would be cooled fomewhat more fpee- 
dily, by the fucceflive contact of (lie afeending current of air 
yvhicb was at liberty to rife. This veflTel was found to cool 
trough the llandard interval of 10^ in 371 minutes, and the 

horizon ta 
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lioricpntal veflbl employed S8f mmutea* By refidrring thefo « * 

to computation^ tlie Count find* that the heat loft by 
a£lual communication to the air^ is nearly part of the wbdb 
lofs. 

£xp. 32, The counter radiation by the platter, which was Exp. ]«• Vela* 
ftated under the laft experiment as impeding the cooling pro*'curded 
cefs, affords the important profpect of explaining the efied of vicinity of other 
clothing, and therefore deferved to be more fully exainined. Hence 

The experiments 29 and 30 were therefore repeated, with the 
diffance of three inches only between the bottom of each veflel 
and its correfponding platter. The times of cooling through 
10^, were now 33^ minutes and 40| minutes. 

Exp, 33. And when the diftance was diminifhed to iwo^^P* S3* B*pe« 
inches, the tim^s proved 32^ minutes and 42| minutes. 

Thefe experiments (hew that the vicinity of a cold body, ^he vicinity of 
of which Uie low temperature is not kept up by artificial fuUofl 
means, retards the cooling of a hot body. And from this tion will«onfti« 
faft the Count concludes, that if the hot body bad been a f 

globe fufpended in the center of another larger thin hollow 
fpherei of the fame temperaUTre, at the commencement, as 
the air and walls of the room, the cooling would have been 
more (low than if the external globe had not been prefent; 
and alfo, if the external globe itfelf were included in another 
globe of the fame dcfcription, the retardation would have 
been ftill more con/iderabic. And by extending this fuppoled 
experiment to a number of thin concentric hollow fpheres, we 
may conceive a great retardation to follow, and (hall become 
acquainted with the nature of the effefis which take place 
when a hot body is furrounded by proper clothing. 

• If the fpheres were metallic, tlie cooUng wpuld be (lower more elTeftual if 
if the furfaces were poliffied than if unpolifhed or bjackened 
valence it is highly probable, that the warmth of any clothing 
depei^s very much upon (he polith of its furface. 

*Thc roicrofeope (hews that tbofe fubftances which fappIyFou, feadien, 
us with the warmeft coverings, fuch as furs, feathers, 
and the like, have their furfaces highly polilhed; and the 
finer the fibres, or the greater number of interpofed polifhed 
furfaces, the warmer is the clothing. 

In the former experiments of Count Rumford, heconfidered^bthini defaidt 
the warmth of clothing as principally depending on the 
ftacles it oppofes to the motion of the furrounding cold air '; preventing cir- 

bui 
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^ f hait hy a patient and c^kpeful examination of the fabje^ be 
is ccmvinced that the efficacy of radiation is mudi greater then 
he had fuppofed ; from the refult of the experiment No. SI. 
it appears that a very fcnall part of the heat of a body cooled 
in the airj is in faS communicated to that fluid; much the 
greatefl portion being communicated to furrounding bodies at 
a difiance; and, in one of his former experiments, a hot body 
was cooled, though it was^ placed in a torricellian vacuum* 

Ah heated only He confiders the heat which air receives by coming in con- 

and^jfradiatwn body, to be communicated, by radiation, in the 

fame manner as it is received by other bodies at a greater dif- 
tance; and he apprehends that the contiguous particle receives 
the heat in preference for no other reafon than becaufe it is at 
the furface of the fluid, Uiis being the place where refleflion, 
i refra£tton, and increafe of temperature, take place; and, 
from thefe confiderations, he explains what has been called 
the non-condu£ling power of tranfparent fluids. 

Analogy be- By extending the analogy of thoie fadts which we know 
light and concerning the efTeS of poliflied furfaces on light, to the ra¬ 
diations of heat alf'o, the preceding fads are eafily explained. 
The frigorific rays are refleded externally, and a large por¬ 
tion of the calori&c rays, which would have itfued forth through 
a rough furface, are, in the other cafe, turned inwards by 
refledion. 

A drop of water 'I'he, poliftied furface of a drop of water, which rolls about 
feflfti the heat at a difiance from the face of a piece of red-hot iron, enables 

refled the calcrific rays; the water acquires little hext, 
and evaporates flowly. 

With a lefs heat the water enters the pores of the oxide 
upon the metal, Ic^es its polilh, acquires heat very rapidly, 
and is foon evaporated. 

It retainr Its po- If the‘metal be lefs oxldable, as, for example, a filvef- 
liih longer in fpoun, the drop of water will fupport or refifi a lowy heat* 

.flte mre. not fo foon lufe its polifii; but at a fiilFiow^r 

heat, that is to fay, a little above boiling-water, a drop of 
water is infiantaneoufly evaporated. 

Exp. 34 / Water £xp. S4. A clean pplilhed fpoon, rendered black by hold-; 

blachen^'wlth" flame of a wax candle, will receive a large 

ftaekr, eannotwater, which will roll about without welting the 
be made to boU* blackened furface. This drop cannot be made to boil by 

holding the fpoon over the flame of a candle* When the 

fpoon 
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<) 9 o«h*ts too hot to be beld by hs hendte, "the drop of wetor « * 

poured into the palm of the tend is nrarni, but by no means 
fcalding hot. 

Eip, 35. If a large drop of water be formed at the end ofl^P- 35- 
a fmall fplinter of light wood« and the drop be tbrull quickly 
into the center of the flame of a newly fnuflTed candle, it will canSle, to not 
remain for a confiderable time in the center of the flame, 
without being apparently aflefied by the heat; and if it be 
taken out of the flame and put upon the hand, it will not be 
found to be (balding hot. If it be held for fome time in the 
flame, it will be gradually diminiftied by evaporation; but it 
does not appear that the heat is communicated by the flame, 
but by the wood to which it adheres, which is foon heated, 
and at laft fet on fire. 

The remainder of the Count’s memoir con fids of theoretical Why tht tha»« 
remarks and inferences, occupying 29 ps^^es of the Tranfac-”^ 
tions. I have eneb^avoured faithfully to deferibe the fa£ls ins^rid^* 
the way of abridgement, but cannot with the fame faciKty 
do juRice to Ihefe argumentative refults. I (hall therefore, 
for the prefent, conclude my^ccountof his paper t but may 
not perhaps wholly overlook bis theories upon fome future 
dccafion. 


XIIL 

Letter from Prnfeffor Veau-de-Launa v to J. C. Dela- 
METHERiE, on/uhninaiingSilvcr*. 

As it is at all times ufeful to Rate faAs, wjiatever may be Accident with 
the rcfulls, I think it right to inform you of m accident which fulminating 
'bccurred in my laboratory. 

I employed one of my pupils, a very good operator, to 
prepare a fmall quantity of fulminating filver, which heexecoted 
with (kill. 

The quantity obtained was about five grains, or a quarter of 
a gramme; it was depofited in a cryflal capfule about two lines 
in thicknefs. He had taken a (inall quantity, about half a 
grain, vrhich was feparated with a card, and then dried, and 

^ From Journal de Phjfique, Flarcal, An* XIL 

afterwards 
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* afterwards detonated by flight friftion. Next day; (hafistaT^ 
fay twenty-four hours after the preparation, ibis young perfon 
was defirous of taking an equal quantity from the capfule to re* 
peat the experiment, but he had fcarcely touched the preparation 
with the corner of a card when a violent detonation andexplo- 
fion took place in the capfule which was {battered into a thou« 
fand pieces. His face was covered with the vaporifed prepa¬ 
ration, which was almoft black, and adhered ftrongly to the ikin: 
his eyes experienced a firong fliock, which produced extreme 
pain; the opaque cornea became red and inflamed* Happily 
hts fear was the greateft evil: by wafliing and bathing bis eyes 
and flice frequently with cold water, the eflTeds of the detona* 
tion were foon diffipated. 

Fortunately, none of the fragments of the glafs had touched 
his eyes or his face; they were thrown nearly in a horizontal di- 
reftipn/to a confiderable diftance: Some were thrown upwardi 
of twelve feet. * 

At the eflTefls of this preparation may have more calamitous 
confequences. I think it ufeful to be guarded againft the dan¬ 
gers which it may occafion. ^ 


XIV. 

Pyrotechnic Ohfervation^^ with their application to evaporating 
Furnaces*. By CU. Curauoau, Correfponding Member nf 
the Apothecaries Society of Paris, and Refidcnt Affociate at the 
Atheneum of Arts. 

Since i puUiftied^iny obfervations on the caufes of the 
imperfeftions of evaporating furnaces, I have had occafion to 
make others on the fame fubjeft, the application of which pay^ 
add to the advantages in their conftruSion which 1 have tnade* 
known. 

DliUvtntagei in memoir, I proved that the bollom of the copper 

the conftruaion jn the evaporating furnaces, not only obfiruds the elevation of 

temperature, but alfo diminifbes the a6livity of the fire, and 
is rather favourable to the gazification of the combuflible body, 
than to its oxigenation; I cited the lamp of Argand with its 

* From Annales de Chimie, No. ]49, Floreal, An. XII. 

glafs 
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glafs chimney, as an example of the necdSiy of raifing tfao v 

temp^alure round the combuilible, whenever a compleat mid' 

powerful combuflion is required. At prefeiit, I (hall take the 

enameller’s lamp as an example in fupport of my new obferV‘ft> 

tions; I may fay that I am indebted to the examination of its 

e/Tedls, for thole which it has led me to make. In fadt, if the EfleAi of the 

jet of the flame of an enameller’s lamp be examined, it will be 

found that the intenlity of itsadtion depends on the current of Argsnd*# Isi^ 

air which is diredled on the flame of the wick; it will alfo be 


feen, that it is only at the extremity of its jet that the greateft 
energy of the caloriflc rays exifls, and that its intenfity isfuch 
that, by means of this lamp, efleds may be produced, which 
are, comparatively, as powerful as thofe obtained in our beft 
furnaces. 

This mode of adlion of the caloric proves, therefore, that its 
efiedts may be augmented, by augmenting the rapadity of its 
current, and by diredting it ikilfuliy upon the body to be heated. 
Thefe are the conditions which I have endeavoured to unite in 


my new conflrudlion, and which, agreeably to the application 
1 have made ot them, are employed to fupport an opinion which 
required an experiment on a lar^e fcale to efcape being placed 
in the clafs of hypothefes. 

Having been lately confulted upon the conflrudlion of a applied to works 
brewer's furnace, I took the opportunity to (how the great ad- 
vantages of the alterations which my obfervatioiis appeared to 
me to render neceflary, and to induce the proprietor to conflrudt 
his furnace according to the plan I Tent him. 

Tlie following is the refult of the experiments which were Compsrifon of 
made to afeertain the advantages poflefled by the new furnace ^“'■nwes. 
over that which it Iepiaced. • ^ 

The old furnace required 2| hours (o ralfe th^; temperature 
of 2500 litres of well-water to 50° of Reaumur, and oonfumed 
in ^ftie operation, which was repeated daily, €25 kilogrammes 
of pevi^ry wood. 

The prefent furnace, on the contrary, confuroes only 450 
kilogrammes of wood in the (ame operation, and is only one 
hour in raifing the temperature of 2500 litres of well-water 
to 50° : Whence itrefults, that this new conftrudion evidentljr 
makes a laving of time and nearly one third in the com¬ 
builible. 


Such 
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Such advantafCAappeared to me to be of fufiicient importance 
todeferve to be knovrn. and to make it defirid>le that advan** 
tage may be taken of a nevr procefs which will have great 
indaence on the economy of the fuel neceflary in manufac¬ 


tures. 


Dejiription qf the Furnace^ Plate 


Deikrbdtaof A. Opening of the Are-place: it is 16 inches wide and 13 

B. This part of the furnace refembleci a vault: It is 211 
inches in height, 3 ]| in width, and 5 feet in depth. To add 
to the effeft produced by the heat, I give the middle of the 
Are place a depth of 2 inches more that at its fides, which makes 
it preceptibly concave. 

C. An opening made in the middle of the vault, and which 
is intended to increafe the rapidity and the a£lion of (he calo- 
rihc rays; it is 5 inches high, and is equal in thicknefs to the 
vault. In its lower part, this opening is inches long, and 
17^ wide; and, in its upper part, is 19^ long, and 13^ wide, 
which gives each extremity of^tha opening the form of a fplie- 
roid whofe longetl axis is in the direftion of the lengtii of the 
vault. 

D. The diAance of the copper from the oriAce for the heat 
is 5 inches in the middle, and is reduced to 4, at the angle 
£, which gli'es (he advantage of concentrating thecalorihc 
rays, in proportion as they lofe their intenfity by their ex- 
panfton. 

From the angle £ to that at F, there is a difianoe of 15 
inches: the re-entering angle of F is 2^ inches from the cop¬ 
per, and it| faliant angle only one inch. 

G and H fre angles fimtiar to that at F, but which are 11 
inches d?llant from each other: thefeangles may be multiplied 
according to the height of the copper. Tlie advantages which 
they give confift in making the caloriAc flream undergdTevoral 
* breaks, which increafes their power at the place of their 
deviation. 

I is an opening communicating with (he chimney: it is 27 
inches wide and 5 inches high. At the angle H, half the 
circumference of the furnace fliould be clofed by'a row of' 
bricks, for the purpofe of forcing the heat to direfi itfelf from 

the 
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Ibe oppofite to the chimney; immediately above this « * 

courfe of bricks^ thofe which fucceed mull be removed foot 
inches from the copper^ and continue fo to the height of foot 
inches; afterwards each courfe of bricks muft be brought 
nearer, fo that this refervoir of heat may be clofed at the 
height of five inches, which muft be*done round all the cir* 
cumference of the copper. 

K is the opening of the chimney: it mufl be three decU 
metres fquare through all its height, and at leafl four metres 
high. 

L is a blower of hammered iron ; it is one metre above the 
copper, and ferves to open or clofe the chimney at pleafure. 

The proportions laid down in this plan are intended for a 
copper four feet three inches 'wide in its lower part, and 
forty inches deep. 


XV. 

An Account ^ a curious PhenasAenon ohferved on the Glaeters tf 
ChamQuny\ togetha'^ with Jbme occajional ObfercaXionM can* 
ccrning the Propagation qf Heat in Fluids, Benjamin 
Count of Romford, V. P. jR. S. Foreign Affociate qf tlse 
National Jnftitute of France, ijfc. SfC. * 

In an excurfion which I made the laft fummeri in the month Cylindrical pit 
of Auguft, to the Glaciers of Chamouny, in company with 
ProfeflTor Pidet of Geneva, I had an opportunity of obferving, jug water, 
on what is called the Sea of Ice, C^cr de Glace, ) a phenome* 
non very common, as I was told, in thofe high and cold regions, 
but Which was perft Aly new to me, and engaged all^royatten- 
Cjpn. At the furface of a folid mafs of ice, of vaft thicknefs 
and extent, we difeovered a pit, perfectly cylindrical, about 
feven inches in diameter, and more than four feel deep; quite 
full of water. On examining it on the infide, with a pole, I 
found Uiat its fides were poliflied; and that its bottom was b^ 
mifphericali and well defined. 

This pit was not quite perpendicular to the plane of (he 
horixoQ, but inclined a little towards (he foutb, as it de* 


• Phil. Tranf. 1804, p. 23, 


feended; 




AGCOVKT or A CVAIOUS flfEKOiilfKOir* 


* , fcencled; and» in Confequrnce of this inclination^ its q^ouUi 

or openings at the furface of the ice, was not circular, bat 
elliptical* 

They are fre- From oar guides I learnt, that thefe cylindrical holes are fre* 
foently found, found on the level parls of the ice; that they are formed 

during the fummer, increafing gradually in depth, as long as 
the hut weather continues; but that they are frozen up, and 
difappear, on the return of winter. 

Inference agsunft ^ I would aik thofe who maintain that water is a condudor 

*^#w"of*water formed ? On a fuppolition that 

(here is no diredl communication of heat between neighbour¬ 
ing particles of that fluid, which happen to be at different 
degrees of temperature, the phenomenon may eafily be ex¬ 
plained ; but it appears to me to be inexplicable on any other 
fuppolition. 

The quiefeent mafs of water, by which the pit remains con- 
Itantly filled, muff necelTarily be at the temperature of freezing; 
for it is furrounded on every fide by ice: bUt the pit goes on to 
increafe in depth, during the whole fummer. From whence 
comes the heat that melts thence continually at flie boltoni of 
the pit? and how does it happen, that this Iieat a£ls on the 
bottom of the pit only, and not on its tides ? 

Solution of the Thefe curious phenomena may, I think, be explained in the 
-following manner : The warm winds which, in fummer, blow 
water above scro. furface of this column of ice-cold water, mud undoubt¬ 

edly communicate fome fmall degree of heal to thofe particles 
of the fluid with which this warm air comes into immediate 
contafl; and the particles of the water at the furface fo heated, 
being rendered fpecifically heavier than they were before, by 
this (mall increafe of,temperature, fink flowly to the bottom of 
(he pit; wherelhey come into contaQ with the ice, and commu¬ 
nicate to il the heat by which the depth of the pit is continually 
increafed. . 

This operation is exa^lly limilar to that which took pfice In 
one of my experiments, (See my ElTay on the Propagation of 
beat in Fluids, Experiment 17,) the refuUs of which, no perfoni 
to my knowledge, has yet explained. 

Conftant tern- There is another very carious natural phenomenon, which 1 

could wifh to fee explained in a fatisfadory manner, by thofe 

T/eep llkw?” who ftill refufe their affent to the opinions I have been led to 

flferedmrup. adopt, refpc£ting tlie manner in which heat is propagated 
ort of the non- * ® . 

in 
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In The water at the bottoms of all deop lakes is con-cnm^Aing pru- 

ftantly at the fame temperature, (that of 41® Fahretiheil,)?"^^ ^‘**'**‘ 
fummer and winter^ without any fenfible variation. This 
fa£t alone appears to me to be quite fnflBcient to prove, that if 
there be any immediate communication of heat between neigh¬ 
bouring particles or molecules of water, deprovhecn pruclic, or 
from one of them to the other, that comm«Lintcalion mud be fo 
extremely How, that we may with fafety condder it as having 
no exigence; and it is with this limitation that I beg to be 
underdood, when 1 fpeak of fluids as being non-condufiors of 
heat. 

In treating of the propagation of heat in fluids, I have hitherto 
confined myfelf to the invedigation of the dmple matter of faff, 
without venturing to offer any conjedfurcs relative to the caiifes 
of the phenomena obferved. But the refults of recent experi¬ 
ments on tho calorific and frigoridc radiations of hot and of cold 
bodies, (an account,of which I diall have the honour of laying 
before (he Royal Society in a fhort time,) have given me fome 
new light refpe^ling the nature of heat, and the mode of its com¬ 
munication; and 1 have hupCir of being able to fhow why all 
changes of temperature, in tranfpm'ent liquids, mull necefTarily 
take place at their furfaccs. 

1 have feen with real pleafure, that feveral ingenious gen-Kotlceofeicpe- 
llcmcn, in London, and in Edinburgh, have undertaken the *‘}”'*”^'^ ****“^^ 

. n- • r I I r 1 ■ do«rillC. 

inveltigation or the phenomena ot the propagation of heat m 
fluids; and that they have made a number of new and inge¬ 
nious experiments, with a view to the farther.elucidation of that 
mod intereding fubjedl. If 1 have hitherto abdained from 
taking public notice of their obfervations on the opinion 1 have 
advanced on that fubjefl, in my difTerenl^pubU'iations, it was 
not from any want of refped for thofe gentlemen^hat I le- 
nwined dient, butbecaufe I dill found it to be quite impodiblc 
to ext^|ain the refults of my own experiments, on any other 
principles than thofe which, on the mod mature and dhpaff 
donate deliberation, I had been induced to adopt; and becaufe 
my own experiments appeared to me to be quite as concludve 
(tofa)tno more of them) as thofe which were oppofed to them ; 
aad^ Ikdiy, becaufe I confidered the principal point in difpute, 
relative to the padage of heat in fluids, as being fo clearly 
eflablilhed by thecircumdances attending feveral great opera- 
tiorii of nature, that this evidence did not appear to me to be in 
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* danger of being invalidated by concluiions drawn from partial 
and imperfect experiments, and particularly from fucli as are 
allowed on all hands to be extremely delicate. 

Heat of the tides In all Our attempts to caufc heal to defeend in ]iqui(I^> the 
and dcfcendtig unavoidably comraunkated to the fidcs of the containing 
current in a vef- veflel, muft occafion great uncertainty with refped to the refulls 
fel 6f ICC. jjP experiment j and, when that veflel is conllrufled of ice, 
the flowing down of the water rcfulling from the thawing of 
that ice, will caiife motions in the liquid^ and confeqiiently iis 
accuracies of fldi greater moment, as I have found from my^ 
own experience; and> when thermometers immerfed in a liquid, ^ 
atafinali diflancebclowitsi'iirfacc. acquire heat, inconfequence 
of a hot body being applied to the furfacc of the liquid, tltal 
event is no deciflve proof that the heat acquired by the Ihermo- 
ineter is communicated by the fluid| from above, downwards, 
ftom molecule to molecule, dt procAc cn provhe; fo far from 
being fo, it is not even a proof that it is from the fluid that the 
thermometer receives the heat which it acquires; for it is pofli- 
ble, for aught we know to the contrary, that it may be occa- 
fioiied by the radiation of the t.ol body placed at the furfacc of 
the fluid. 

Reference to the In tlie experiments of which I have given an account, in my 
expcnmencs of £gay on the Propagation of Heat in Fluids, great mafles, 
landing over many pounds in weight, of boiling hot water, were made to 
repofe fur a long time (three hours) on a cake of ice, without 
melting but a very fmall portion of it; and, on repeating 
the experiment with an e(}ual quantity of very cold water, 
(namely, at the temperature of 41^ Fahrenheit,) nearly twice 
as much ice was melted in the fame time. In thefe experi* 
ments, the c^ures*ef uncertainty above mentioned did not 
exitl: and the refults of them were certainly moft flriking. 

The concluiions which naturally flow from thofc refults, haFe 
always appeared to me to be fo perfe£lly evident and inejf^puta- 
ble, as to fland in no need, either of elucidation, or of farther 
proof. 

If water be a conductor of heat, how did it happen that the 
heat in the boiling water did not, in three hours, And its way 
downwards, to the cake of ice, on which it repofed, and from 
which it was feparated only by a ftratum of cold water, half an 
inch in tbicknefs i 
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1 v^ifli that gentlemen who refufe iheir aflent to the opinions Recapitulatory 
1 have advanced refpefling the caufes of this curious pheno-^*“"'®"^* 
menoHj would give a belter explanation of it than that which I 
have ventured to offer. 1 could likewtfe wifli that they would 
inform us how it liappens, that the water at the bottoms of all 
deep lakes remains Conftantly at the fame temperature: and, 
above all, how the cylindrical pits, above deferibed, are formed 
in the immenfe mafles Of folid and compadt icc which compofe 
the Glaciers of Chamouny ! 

A remark, which furprifed me not a little, has been made by Noticrof one re* 
a gentleman of Edinburgh, (Dr. Thompfon,) on 
ments I contrived, to render vifible the currents into wliich 
liquids are thrown on a fudden application of heat/ or of cold. 

He conceives, liiat the motions obferved in my experiments, 
among the finall pieces of amber which were fufpended in a 
weak folution of potafh in water, were no proof of currents 
exiting in that liquid; they might, in his opinion, have been 
occafioned by a change of fpecific gravity in the amber, or by 
air attached to it. I am forry that fo mean an opinion of my 
accuracy as an obferver fhouifi have been entertained, as to 
imagine that I could have been fo eafily deceived. For nothing 
furcly is eaiicr, than to diflinguifli the motion of a fulid fuf- 
pended in a liquid of the fame fpecific gravity, which is 
carried along by a current in the liquid, from that of a body 
which defeends, or afeends, in tlie liquid, in confequence of 
its relative weight, or levity. In the one cafe, the motion is 
uniform; in the other, it is accelerated. In a current, the body 
mav be carried forward in all direflions, and even in curved 
lines ; but, w'hen it falls in a quiefeent flui^d, by the action of 
gravity, or rifes, in confequence of i?s beiqg fpecifically 
lighter than the Quid, it muff neceflarily move in ji vertical 
c4re£lion. 

^Thi* fa£l is, that I very often obferved, in the courfc of 
my numerous experiments, the motions of fmall particles of 
matter, of different kinds, in water, which Dr. Thompfon 
deferibes; but, fo far from inferring/row #//«» the cxiftence 
of currents in that fluid, their caufe was fo perfefliy evident, 
that I did not even think it neceflary to make any mention of 
them. 

I cannot conclude this Paper, without requefling that the 
Jloyal Society would excufe the liberty 1 have taken in troubling 
' P 2 them 
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f them with thefe remarks. Very deiirous of avoiding evcry/pe- 
cies of altercation. I have hitherto cautioufly abflained froiH 
engaging in literary difputes; and 1 (hall mod certainly endea¬ 
vour to avoid them in future. 

I am refponfible to the public for the accuracy of ibc accounts 
u'hich 1 have publitlied of iny experiments; but it cannot rca- 
fonably be expefled. that I Aiould anfwer all the obje6tions that 
may be made to the conclufions which I have drawn from them, 
it will however, at all times, afford me real fatisf'aclion to fee 
my opinions examined, and my miflakes corre6le(i; for iny (irfi 
and mod earned with is. to contribute to the advancement of 
ufetul knowledge. 
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Aocount qf tivo Sketches ; viz. one for a perpetual Alotion^ and 
the other of a jointed Parallel Rule, xjishich W no fide Deviation* 
In a Letter from R, B. 

To Mr. NICHOLSON. 

SIR, 

Perpetual mo- I was much gratified feveral years ago by fome cfTays with 
in^/philofo- obligedyour readers upon the perpetual motion. In 

pHlca) Journal- the fird volume, p. 375,of your quarto feries, I find an account of 

feveral fehemes (neceffurily abortive) for producing perpetual 
motions by the adiion of gravity, and in your third volume, 1 
find an account of various methods of keeping up the motion 
of a machine by means of tlie changes which lake place in the 
barometer and Ihcrihpmctcr, I have ventured to fend )uu the 
tkclch of a projedl for a perpetual motion of the latter kind, 
which has long remained among my memorandums. You w ill 
fee that it is not of the clafs of perpetual motions prqperlv 
fpeaking, but merely the application of fume exiding intermif- 
tent motions in nature to the purpofe of maintaining tlie rotation 
of machinery. If you (hould hedlate about inferting this, 1 
think the other (ketch wliich accompanies it of an ufeful in- 
drunicut. cannot fail to meet your approbation. 

Ocfcriptnn of a Pig, I, Plate XJL A reprefenis the marine barometer of 
moti^Puby\he Halley, but varied by the addition.of a veflel B at the open 
marine barome- ci^d. ill w'hich the. water or other fluidh a furfage nearly 

equal 




PERPETUAL MOTldV, ANb JOtMTCD PAKALlkl. UUIE, {j^ 

» < 

equal to that in the clofed vefTel A. Thefe two vefTels are 

connected by a long horizontal tube G. It is evident that any 
change, either in the preflure of the external air or the clafticity 
of the internal air, will caufe the fluid to run along the tube, 
and add to the weight of A or of B according to circumfiances. 

The heavier velTcl will preponderate ; but it will be prevented 
from defeending too far by a flop or bearing to which it will 
arrive. Any change in the inclination of G will move the at* 
tached lever C D ; by means of which, one of the two hori¬ 
zontal racks will be made to pufli round that ratchett wheel into 
which its teeth fall, at the fame time that the other rack will be 
drawn backwards upon its wheel* The uppofile afiiun will 
drive forward the other wheel; and as both thefe wheels are 
fixed on the fame axis, the fyftem will be driven the fame 
way by every change of denfity or weight in the air that takes 
place. 

The other infli bment. Fig, 3, is a parallel rule which is Account of a 
framed without any Aiding work, and opens to a much greater 
extent than ufual, without fide deviation. 1 do not know 
the inventor; but it was communicated to me by a private 
hand. The jointed parts are reprefented in Fig, 2, and the 
dimenfions are exprcAed by the fmall numerals. From the 
joint D to the joint E upon the bar, C E, the diAance, is 
I ; from the joint E to the joint A, = 2; from the joint A 
to the joint B, = 3; and from the joint B to the joint D, 

4; which is alfo equal to ihe part D C of the Bar E C. Now 
it is found, and I muA leave the mathematical proof to your 
readers, that the point C moves by the opening from B (upon 
whicli it lies when fliut) in a flrait line,, very nearly at right 
angles with B A. From this properly it is^afily feen, that 
two parallel rules, having the fyftem of four bars fixed to 
*each, and connefted as in the figure, will be moveable without 
•fide deviation, and will preferve their paraHelifm in all 
fituations. 

I am Sir, 

Your obliged humble fervant, 

R. B. 
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Familiar Account of the Method of efiimating the Value qf a 
SUum-Engine in Horft^P(K\:ers as they are called. By a Corre- 
fpondent. 

To Mr. NICHOLSON. 

SIR, 

Jntrodudory -^S your excellent Journal is the repofitory for ufeful informa* 
letter, tion, whether fcientific orpra£tical,l have thought Ifhouldoblige 

many manufacturers and others of your readers, by fending you a 
very c^ear report about horfe-powers, which a fiiend of mine 
has communicated to me, and was received by him from an 
eminent chara^er in anfwer to an enquiry profetlionally made. 

It clearly appears from this paper, that the calculation by 
horfe-powers mu ft be fallacious, unlefs engineers could agree at 
to the quantity of work they would arbitrarily, in the firft 
inftance, aferibe toonehorfe; and then Iheexpieftion would be 
nugatory. And not only fo, but^t would not then be true that 
the value of a ftcam-engine in work, however clearly exprelT* 
ed in quantity per day, would be fairly (hewn, unlefs the 
wages or food of the working being were taken into the ac¬ 
count. Coals may be ftiled the food of a fteam-engine, and no- 
tliing is more evident than that, if two engines raife equal quanti¬ 
ties ot water per hour, but confume different quantities of coal, 
they will not be equally beneficial to the proprietors. I would 
therefore propofe, that ihe eftimate fliould be made by attend¬ 
ing to thefe two particulars only, and faying nothing about 
horfes, at lea ft in fpgcific arguments intended to have legal 
effedls: And, as a fupplement to the fa€ls and obfervations 
contained m the report, I will add, fhat one of the bed en^ 
gincs of Boulton and Watt, has been known to raife bel^^een 
28 and 30 millions of pounds of water to the height of on£ 
foot with one bufhel of good coals, which appears to be an 
outfide meafure; and that} though there are fubfequent im- 
provemdnts* both iti the conftruftion of furnaces and the work¬ 
ing gear, yet there are fome among late engines which fall 
fliort of 20 millions. 

I am. Sir, 

Your conftant reader, 

E. T. 

* 
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Report concerning the Pmver of a Steam-Engine ercBed bj/ Con^ ’ 

irafl at * * * *, 

IT is required to delermme whether the fteam-euginc ereflcd Steam engine al 
* « » * jjy ^ jjg equal to the power oi’ fixteeii * * * *• 

horfes. The fame has a cylinder of 21^ inches diameter, and 
gives 23 double ftrokes per minute, of four feet eacli. 

In anfwer to this qiicllion it tnuft be prcvioufly remarked, Rcafon why 

that fteam-enffines having originally been recommended and 

” ” ® *' « , hiivc been com- 

fubftituted inftead of horfes, the method of computing by the p.irc(t with 
number of thofe animals intended to be fupplied by means ol hviTcs. 
this invention! has been generally applied, though it is much 
lefs certain and accurate than other methods well known to 
mechanical men. The uncertainty of calculating by horfe-It is ah uncertain 
powers arifes from various caufes; fuch as the great difler-'”‘^^*'°*** 
cnees of ability between the ftrong and heavy horfes ufed in Lon¬ 
don, and thofe of not half the flrength ufed in various parts of 
the country; the greater or lefs degree of fpeed during work ; 
tlie quantity of re-aflion againlf which they are urged to pull; 

Llie fhorter or longer time of ^ork ; their food, ilabliiig, &c. 

&c. And this uncertainty, as may eadly be conceived, is fo 
great* that the words horfe^power cannot praAically be ap¬ 
plied, otherwife than to denote a certain quantity of mechanic 
efre£t agreed upon and underAood between engineers, and 
inuft not be underllood to denote any elementary meafure, 
capable of being worked out or inferred within any reafonable 
or iifeful limits, from the real power of the horfe hiinfelf. 

It tiicrcFore follows of neceffity, that the engine nnift be Woids horfe- 
examlned by firft (fating its mechanic effed; that is to 
how many pounds weight it is capable^of railing througli aquancityol 
given fpace in a given lime, that is to fay, through the height 
^f one loot during one minute, und then dividing fliis fum by 
the Ij,ke effeft producible by one horfe, according to the flatev 
foents and practice of engineers of the firft reputation, I con¬ 
fine myfelf to MelT. Boulton and Watt, Dr, Defaguliers and 
Mr. Smeaton. 

The pradice of MctT. Boulton and Watt is, to oonfider a Quantitieiof 
horfe as capable of raifing a certain weight, which is ftaled to P" horfe^ 

. - * , . j . r i I • 1 • • . 

be of 32000 pounds avoirdupois, one toot high in one minute, wjw, DeUgu- 
Defaguliers* rcfults brought to the lame fornii give 27500 

pounds} 
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pounds; and Smealon^s 22916 pounds, under the famv cif- 
cumdances* The jowed of tbefe performances are more than 
equal to the average power of a horfe employed in huibandry 
for eight hours per day. 

If the diameter of (he cylinder be multiplied by itfelf (21 f 
X 21^), the produft will give 44-6^ round inches for the whole 
furface; and Smeaton reckons the cffeflive or working pref- 
fure per round inch on the atmofpheric engine, at feven 
pounds avoirdupois. It is ufual to reckon the working pref- 
fure on a clofe engine (like that in queftion), at 10 pounds 
the round inch; but I (hall drd take the feven pounds as 
being againft the builder; So that, by multiplying the round 
inchjf’s by 7, we have 3l23f pounds for the weight 

raifed. But the drokes are 23 of four feet double per minute, 
that is to fay, 184 feet. Multiply the weight 3123^ by the 
height 184, and the produfl 574760 will be the mechanic 
efFedt of the engine, or the number of pounds it will raife one 
foot high in one minute. Ladly, Divide this by Boulton and 
Walt's horfe-power and the quotient or 

very nearly 18, will exprefs 4he power of (he engine in 
horfes. 

If we follow DefagulierS} the engine will prove equal to 21 
horfes. 

And, according to Smeaton, its power will be equal to 25 
horfes. 

If we had taken the prelTure at 10 pounds per round 
inch, the powers would have proved much greater^ as 
below. 

In the above calculations the horfes are fuppofed to be 
fairlv worked, and \ke engine is fuppofed to be /topped as 
foon as the horfes leave off. But an engine can work the 
whole 24 liours; and Smeaton, conddering that three (etis cUT 
horfes mud be kept,to work condantly for the fame lime, 
reckoned a deam engine to be equivalent to three times as 
many horfes as c^uld equal its rate of working. The fellow- 
ing table will ihew the powers of this engine, according to all 
thefe feveral methods: 
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Experiments provit^ the Necejjitif of atmospherical Oxigen in the 
Procefi of Vegetation. In a Letter from Mr. John Gough. 


To Mr. NICHOLSON. 


SIR. 


Dr. Priefiley and M. Ingenhoirfz have made many es^peri- 
mcnts with plants^ confined in azote; from which philofophers 
have inferred, that vegetables differ from animals in not requir¬ 
ing the prefence and fupport of atmofpherical oxigen. One 
circumfiance however occurs in all ihefe experiments, if my 
memory be correft, which renders the conclufion doubtful: 
the plants, ufed in them were in cental with the water that 
confined the azote in the inverted jars, through the medium of 
which they had evidently the fame indirect communication 
with the atmofphere that tithes are known to require. 

With a view to throw fome additional light upon this dif- 
pu table point in the vegetable economy, I determined to fur- 
round certain fucculent plants entirely with azotv; which pof- 
fefs the fingular property of vegetating when fufpend^d by the 
rqpts in dry air. My method of performing this confiiis in fix¬ 
ing thi fubjeA of the experiment by means of a thread, to a 
fhmU perforated board, Aanding on a pillar, which wa^ fur* 
■iftied with a foot of lead. The plant being thus fecured, was 
introduced through water into a glafs jar of azote; where it 
was wholly furrounded by the gas. 

Exp. 1. The firft experiment, I made in this manner, was 
tried in June 1800. A plant of fedum acre was furrounded by 
azote when it was ready to expand its flower.<i, and another 
was placed befide it, under a fimilar jar; which contained 

S cornmoa 
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common air. The latter fpecitoen flowered very wel>; but 
the former died away without opening one of its bloflbms, 

Exp. 2. The event was the fame when I made ufe of a 
branch of this fedum already in flower; for the plant withered 
and did not (hed its petals; which is contrary to the ufual ha« 
bits of this vegetable, when it is left to tlie inipulfes of nature 
unthwarted by art. 

Exp. 3. Several plants of fedum acre were alfo conflned in 
jars filled with azote lafl fpring, before the flower buds were 
-formed upon them: not one of thefe attempted to vegetate; 
on the contrary they all withered in the courfe of four or tiv'e 
weeks. This was not the cafe with other fpecimens, wiiich 
were placed befide them upon fimilar flands, under jars con¬ 
taining common air and flanding in water; for they remained 
green and vigorous, after the former were dead; they had 
moreover produced a number of purple filaments fpringing 
from the Halk; which is conflantly done by the fedum acre, 
when fufpended by the roots. It is proper to remark^ that the 
air of the latter fet was frequently changed, w'ith a view to keep 
it near the ftandard of the atmflfpliere. The JhupervlvuJH tec-> 
torum did not offer to vegetate when treated in the fame man- 
nerbv being confined in azote; but it appeared to be more te¬ 
nacious of life under this kind of treatment, than the fedum 
acre. 

The preceding experiments induced me to conclude, at tho 
time of making them, that the welfare of fucculent plants re¬ 
quires them to be expofed to the atmofphere. and that they 
-cannot grow when furrounded by azote, nor even prefei ve the 
vegetative principle in it, for an indefinite length of time. 

I have fliev^n in *the fourth volume of tlic MancheOer Me¬ 
moirs. tl}at feeds and bulbs are not lefs indebted for their prof- 
perity to the agency of oxigen. than fucculent plants appear 
to be from the prefent letter. Thus it is manifefl that ^he far¬ 
ther we carry our refearches into the nature of organized bodTejl^, 
the greater is the number of them; which are found to be in¬ 
capable of performing their natural fundlions, when deprived 
of refpirable air; but as the truth of this maxim remains lobe 
extended experimentally to vegetables of a lefs humid confli- 
tution, than the fedums, the following fa6t may be related 
with propriety. 

Exp. 4. A diminutive plant of cerqfiium vulgalum was placed 
on the iStli of February, 1801, upon a Hand covered with a 

2 (lice 
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flic9 of wet fponge; it was then pat under an inverted jar, 
containing common air, and ftanding in water* This plant 
cncreafed confiderably in bulk in the courfe of 20 days; be- 
fid^s which it had taken root in the fponge; it was therefore 
transfi^rred into a jar filled with azote; but this change of cir- 
cuoiflanees put a flop to vegetation; for the herb made no fur¬ 
ther advances, but withered away* 

Exp, 5, In order to diverfify thefe experiments as much as wUh pbntstii 
poflible, I took a number of phials, having narrow necks, «epii»cd 

filled them with water, which was either procured from fnow, 
or deprived of air by hoiling. Proper plants being then placed 
in the bottles, they W'-re introduced quickly through water 
into jars Ailed with azo e; under which circumffances, all my 
fpecimens died away fooner or later without making one effort 
to vegetate. The herbs ufed on thefe occaAons were the com¬ 
mon garden fpear-tnint and the draco-cephalum Moldavlcum; 
both of which vegetate freely in bottles of water expofed to 
the atmofphere. I alfo treated in the fame manner, a branch 
of LyAmachia vulgaris, which was ready to Aower; it de¬ 
clined gradually for a month, but never opened one bloAbm; 
though it is an aquatic plant and dowers very well in jars of 
water. It may here be remarked once for all, that vegetables 
die very (lowly in azote, provided they are fupplied with water 
deprived of air; but if my experiments may be relied on, all 
their natural fan6lions ceafe in thefe circumAances, asfoonat 
they are removed from the atmofphere. 

Exp, 6, The lofs of energy experienced by plants conAned 
. I >.. • 1 . T r . . « Mote for wante# 

in mephitic air, does not appear toanfe trom an injurious qua- prop„ 

lity of the gas, but from the want of the falutary Aimulus of ftimulus. 

oxigen; for a flip of fpear-mint, which had remained twelve 

days in a glafs of azote, recovered upon being reAortid to the 

ai^ with the lofs of its loweA leaves only; and an ofT-fet of 

fempervivum vegetated freely after being removed from a jar 

of the fame gas, in which I had kept it, from the 2nd of April 

to the 2nd of May, (landing in a bottle of fnow water. Thefe 

fa£ls feem to argue, that vegetables, treated in the manner de- 

feribed as above, fuflfer a fpecies of torpidity, from which 

they may be recalled by the pretence of almorpherical air, pro* 

vided the re-admiflion of this neceffary agent be not delayed 

too long; in which cafe, the plant periflies, in confequence of 

the 
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* the continued ina^tvity of i(s organs, and (he fermentation ot 
ks juices; which is occafioacd by the furpenilon of all its 
functions. 

Saeculent plants This fluid fo necelTary to the procefs of vegetalion, is cvj- 
^acmoiphiere abforbed from the atmofphere by fucculent plants, bulbs, 

lut dry ones. atul a variety of feeds, when properly moiflened; for they will 
itawater* all vegetate freely in open fituations; but the following ex¬ 
periment feems to prove that trees, {luubs and the lefs juiey 
herbs derive air from water, as fi flics do. 

Exp, 7. I introduced the lower extremities of different 
plants, or more properly of the branches of different plants, 
into phials filled with water, and after luting the necks with 
wax, 1 funk the bottles in pots of water, lb as to leave the 
foliage of the plants expofed to the fun and furrounded by the 
atmofphere. The evaporation caufed by the a£lion of the 
light drew the water out of the bottles, and the air defeending 
at the fame time through the fubflance of the plants prevented 
a vacuum being formed in thefe clofe vcflels. This fact had 
nearly perfuaded me, that vegetables pofTefs a faculty analogous 
to ref^piration; but when 1 repealed the experiment with phi¬ 
als perforated in the bottom, they remained full of water. This 
eircumftance (hews the refpiratlon in queflion to be merely ac« 
cidental and to be occafioned by the necks of the bottles being 
luted; on ihe other hand it is highly probable, that air enter-t 
the vefieU of vegetables in conjun6lion with water. Here it 
is decompmiiKi, in confequenott of the fliniulus given to tlie 
vegetative principle by its prefence ; the azote is aftervvards 
adimulaled into the fubflaiiccof the plant, wliile the oxigen is 
• rejefted either wholly or in part. This gas, after its expulfion 
flows into live mrp'hilic air, contained in the jars, the volume 
of whiofi is lliereby augmented, and its quality improved ; but 
I will not venture to fay, that the Iw'o gafes form a new cV>e- 
mical compound on tliefe occafions. ** , 

Ixception to the ^ acquainted with a Angle exception to the ge- 

general rule that neral rule that air is rcquifite in the procefs of vegetation. For 
plants req^uirc 3 „^[jen plants have withered in azole they become mouldy; that 

is, in the language of botany, they are covered with the mu- 
cormucedo. The worms which inhabit the decayed livers of 
foeep, &c. furnidi us with a parallel inflance in the animal 
kingdom; and the inveftigation of thefe Angular anomalies 
forjiis a difficult problem in the natural IiiAory of organized 
bodies. 

The 
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Theofentin^ents contained in this letter, are oppofite to the The Jl'a^ 
common notions relative to the nature of vegetation, and A» 
manifeti a departure from eftabliflied opinions may be thought 
to require an apology. The juAification of my cotidud how» 
ever appears in the body of the efTay. The experiments are 
related with an attention to circumftances; which will enable 
almoA any perfon to repeat them; and (hould fome philofo* 
pher undertake to do it, his labours will either eflabiifh my 
.opinions, or con/irm the contrary doctrine, by the refutation of 
them. There is one omilfion in the detail oC thefe experl-^ 
ments; 1 have neglefted to remark, that the term azote ligni^ 
ties nothing more than common air deprived of oxigen by the 
fulphnrct of potafh or the martial paAe of fulphur, but more 
frequently by the forincr. The determination of the queAion 
is of Ibinc moment* nut only to natural hiAory, but perlraps te 
agriculture allb; and 1 could wiOi it to be relumed by a philu- 
fopher, whofe advantages are fuperior to my contraSed powers 
of obfervation and imperfect apparatus. Should any man of 
loiencc undertake the talk, 1 would recommend the fedum acr^ 
to his notice; becaufc the fila.vients which fpring from the 
ilalk of tills plant in common ail afl'ord a criterion whereby the 
progrefs of hmilar fpeciineijs conJined in azote may be ob- 
(ervccl and alccrtaincd. 

JOHN GOUGH* 

Afiddlrjfiaio, 

Odober 1? I, ISO I-. 


sri!:\TiF/c M'ns, jccocyr ofj^ook's, 4 ^. 

a 

Frotlfhig *i/' Oil by JileRricity, 

Tm anotiymons author of fomeelefirical experiments com*' 
unftneated to Van Mons the following fail, from whofe Journal 
I tranflate it. He was making an experiment to afcertain tha 
conducting quality of oil, for which purpofe he had filled one 
third part of the length of a lube with the oil of Colfa. Th« 
tube was three feet long and half an inch in diameler, havingi 
Its doled end drawn out: The open extremity was fecured by 
a cork, through which a needle was tbfuA^ and over the cork 
was a.coHiiing of wax to prevent ihe.oU from txwlkding. The 

tube 
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• tube being then placed on two infulating' fupports« alld the 
needle turned towards the part moll remote from the machine, 
the tube was flightly inclined, ip order that the oil might run 
down to that part of iu capacity which was nearell the prime 
condu^or. He then put the machine in aflion, and with great 
furprife obferved the oil gradually to enter into a Hate of ebal* 
lition; beginning at the Airface and fpeedily acquiring a Hate 
of efferveicence perfe£tly refembling (hat of fparkling ChaKn« 
paigne. Upon opening the tube, a gas efcaped with violence, 
which the author did not collefl, but which well deferves to be 
examined. This active electrician intends to fubjeCl the differ¬ 
ent vegetable and mineral acids to the aCiion of eleClricity by 
the fame procefs. 


Native Magnefia, 

GIOBERT has found that a white earth conlidered as pure 
alumine and employed at Turin in the fabrication of porcelain, 
contains 0,80 of magnelia* Vak Mons. 

% 


Gray’s Experi¬ 
enced Mill* 
anight* 


Tlic Experienced MilUwright; or a Treatife on the Conftru&ion of 
fme of the 7noJl ufeful Machines, with the latcji Improvements* 

To which is prefixed a Jkorl Account of the general Principles 
of Mechanics and of tfie Alechanical Powers, lUufiratedwiik 
fort^ Engravings, By Andrew Gray, Millwright, very large 
quarto, 73 Pages of Letter Prvfs, of the fame Size as the 
Engravings, 

THE author is a practical mechanic, who has been up¬ 
wards of for^ ye&Es employed in ereCling different kinds of 
machinery; and the greateli part of the Deferiptions in this 
Work are of Machines which he has either planned or fapf**- 
intended their conltruClion. Thefe Drawings being accurately 
made to fcale, are not, as lie remarks, to be conlidered as me¬ 
chanical, fpeculations, always doubtful till fubjeCled to aClual 
experiment, but as cafes of practical knowledge, the effeCls of 
which have been fully tried and long approved ; moll of them 
being Hill employed for the purpofes of their original fabrication. 

Previous to his Account of the Machines, this author gives 
a popular Treatife on Mechanics, in (ix different chapters, be- ^ 
ginning with General Principles and Definitions, which are fol¬ 
lowed 
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lowe^by Explanations of Simple Engines, called (he Mecha¬ 
nical Powers, Thefe are fucceeded by an Account of Ihc 
EtTcds of Fri6lion, and the belt Method of applying thofe 
Mechanical Powers, Praflical Diredlions for defigning and 
conftrufting the Parts of Machines are in the next place given ; 
and laftly, tlje author treats on the Strength of Machines, the 
relative Velocity of their Parts and the leading Do^rines which 
are ncceflary to be attended to in lheere£(ing of Water-Mills. 

The Machines of which Meafured Plans, Elevations and 
Seflions are given, are; A confiderable number of Thrafting 
Machines, to be drawn either by Water or by Horfes, with 
the Elevation of a Wind-mill to turn Machinery of this Dc- 
feription; one Snuff Mill; two Sheeling Mills; feveralCorn, 
Barley, Malt, and Flour Mills; one Oil Mill; one Flax Mill; 
one Paper Mill; one Saw Mill; one Falling Mill; Bleaching 
Macltines, Beetling Machines, and various Pumps. 

Thefe Drawings and Deferiptions will no doubt prove of 
high value to the man of butlnefs; though it is perhaps to be 
regretted that the fame attention to junior ftudents which is 
difplayed in llte introdudory taeatife, is not as fully fliewn by 
explaining the relative operations and effeds of the parts of 
thefe machines in the deferiptions which accompany the draw¬ 
ings. 


PraStical Obfirraltons concerning Sea Bathing; to xuhich are 
addedf Rcmay/cs on the Ujt of the iVanu Bal/u By A. P. 

Buchan, il/, /). of the Royal College of Phyjicians, London^ 

Croxn Svot 207 Pages, 

IN the early (iages of human fociety,. wheii^the occupa- Buchan oa (n 
tions of man led him to tlrong exercife in the open air, it is 
pj^bable that his health may have been chiefly impaired by the 
fortuit^yis occurrences of his mode of life, and the dired wear 
ofTiis organs engaged in the grofs and aflive labours of his life. 

It is probable that he may have felt little of thofe difeafes 
which the claffification and habits of a refined and luxurious 
fociety have introduced. Neither mental fatigue, .nor the 
anxious and inceffunt labour of crowded cities could have 
operated upon his powers, nor was he fubjeded to the miferies 
of indolence, repletion, and the liftlefs want of motive which 
benumb the faculties of the rich. Thefe are the prices which 

by 
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liic^n or fea ^otlr'niiibafoua miftakes we are compelled td pay for ihe fi]»- 
*“**‘*"** f erior enjoyments which an enlightened Hate of fodety can 

aflR>rd to thofe only who poiRifs the virtue, the condu£t, and 
the good fortaoe to know and to acquire them. Among the 
moil oppreffive of thefe confequences, no doubt, is the lofs of 
{lealth; and while we make facrifices to what we imagine to 
be oar welbre, it becomes us occafionally to interrupt our 
ttflial train of habits, to unbend the mind, give repofe to the 
fyftem, and recover, by an oecaflonal change of our ocenpn^ , 
tions, that vigour which famenefs of purfuils and confinement 
feldom &il to impair. 

One of the means at prefent much reforted to is, to repair 
to the fea^coaii; partly with a view to enjoy a feene which, 
by its imprelTive magnitude and the numerous changes it un¬ 
dergoes, car)not but be highly interefiing; but principally with 
the intention of bathing In the Tea. Bathing is Certainly of the 
greatefi benefit in many cafes, and, like every other practice 
capable of firongly affeAing the human frame, it mufi alfo, id 
other cafes be capable of operating to the injury of the healths 
We have no direA general treaife on this fiibjefl; and to give 
therequifite information to individuals by which they may fafely 
and judioioufly regulate themfelves requires fomewbat more 
than mere medical (kill. The prefent work abounds with in* 
terefiing fafts and clear dedudfons, and' is written with that 
candid fpirit of philofophical remark which (hews an intimate 
acquamtance with the moral as well as the phyfical conrlitions 
of our exigence, and the accidents to which we are expofed. 

I am much mifiaken if any one who begins to read ibis w'Ork 
will be difpofed to quit it without perufing the whole; and 
there are few who vsan have fo extenfively confidered the (Lb* 
je€t, or who are To little concerned in its difcufiion as nut to 
derive advantage from the many points of information It 
tains. « 
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ARTICLE 1. 

Defcription of a Tubular Pcndahmi; having all the Properties of 
the Gridiron; but being more compaS as welt as more fieady in 
its Motions., Jnu Letter from Mr, Edward Troughton, 
the ]Htcnloi\ 


To Mr. NICHOLSON. 


Dear Sue. 


Ever fince Ihe commencement of your Journal, I have AdvtntagM of 
often thought of regiftering therein, the iniprovements which 
1 frequently make in allronomical and other innruments. Nuphiiofopbical 
man perhaps had ever a greater antipathy writing than my-^^P"*^**** 
felf, and drawn 1 am into the vortex of Sufinefs, and 
#fV'orking with my own hands from nine to twelve hours in* a 
day, ijeaves me but little time for literary purfuits; yet in one 
who values himfelF on account of the originality of his ideas, 
it muA feeni flothful not to commit them to the prefs, which 
until that is done, are like flowers or fruit growing fencelets 
by the way fide, which every one that pafles by may gather. 

1 always confidered the pendulum of a clock more fuitable Pendulums for 
to our ftile of vorkmanfliip and habits of thinking, 
ibofeof any other defeription of artifls; and agreeable to this mathemadcsl 
idea, I have made y ndulums near twenty years, and 1 own '•wkmen* 

Vot. IX.—Deceabk^l, 1804. Q the 
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Tabular pendu¬ 
lum. 


ftafti OB the 
principle o£ the 
gridiron. 


Defeription of 
the tubular 
pendulum by 
the drawing. 
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the fubjeft is flill agreeable to me, being yet unincnnibered 
with patents, the reafon of which no doubt is, that the few 
wanted holds out no profped of gain. 

Under thefc circamftances, I offer you the following de- 
fcription of my tubular pendulum, which I contrii^ed about (he* 
middle of lad July, and which I have jud brought into a6lion^ 
The honourable mention which you made of my mercurial pen¬ 
dulum (Phil. Journal for May 1797) the excellent papers which 
you have at different limes given to the public on this rubje,£|;^' 
and its importance to pradlical fciencc, efpecially adronomy, 
leave me no room to doubt but this communication will be; 
agreeable to you. 

It may here be proper to remark that the nature of this pen¬ 
dulum is by no means new; it is of the gridiron kind, and al¬ 
though extremely unlike it in outward appearance, is only a 
new fpecies of that genus. Without further introdufiiun, I 
will now proceed to give a brief defeription, with reference 
to the accompanying fkelches, and then conclude with a few 
general remarks. 

Fig, 1. and 2, Plaic XIII. dlawn to a fcale of one eighth of 
the real dimendoiis, exhibit the Qiape of the whole indrument, 
in which the parts of action being completely concealed from 
view, it appears, excepting the ufual furpenfion fpring, to be 
made of folid brafs. The drd of thefe dgures gives a front 
view, the latter fliew< it as feen edgewife. This figure of the 
bob is ufed more on account of its being eafy to make, an^. 
fightiy> than from any other coofiderations; it is made of one 
piece of brafs, about 7 inches diameter, 2,5 thick at the centre, 
and weighs about 15 pounds avoirdupoife: the front and back 
furfaces are fpherica!, with a thick edge orcylindiical part be¬ 
tween them. The apparent rod is a tube of brafs, diewn in 
both figures to reach from the bob neatly to the top; this coni^ 
tains another tube and five wires in its belly, fo difpofet^ as Jo 
produce altogether (like the nine-bar gridiron of HarnTon) 
three expanfions of (led downwards, and two of brafs up¬ 
wards; whofe lengths being inverfely proportioned to their 
dilatation, when properly combined, dedroy the whole ef- 
fe€t that either metal would have iingly. The fmall vifible 
part of the rod near the top, ii a brafs tube, whofe ufe is to 
cover the upper end of the middle wire, which is here fingle, 
and otberwife unfupported. 
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tteciconing from the loj> the firftadion Is downwards, ^ 

confifts of the fpring. a Qiort wire 0,2 diameter, and a longp^nduim" Vf 
wire 0,1 diameter; thefe all of fleet firmly conneSed, reach the drtwagh 
down within an inch of the centre of the bob, and occupy the 
middle line of the whole apparatus. To the lower end of the 
middle branch, is faflened the lower end of the interior brafs 
tube, 0,(i in diameter, w hich terminates a little (hortof the top 
of the exterior tube, and produces the firfl dilatation upwards. 

, From the top of the interior tube depend two wires 0,1 dia* 
meter, whofe fitualion is in a line at right-angles to the fwing 
of the pendulum, and reach fomewhat lower than the attached 
tube Ttfelf, which they pafs through without touching, and ef- 
fe£l the fecond expanfion downwards. The fecond adtion up¬ 
wards is gained by the exterior lube, whofe internal diameter 
jufi allows the interior lube to pafs freely through it: its bot¬ 
tom is conne^ed with the lower ends of the lafl delcribed wires. 

To complete the correction, a fecond pair of wires of the fame 
diameter as the i<)rmer, and occupying a pofilion at right angles 
to them, a£l downwards, reaching a little below the exterior 
tube, having alfo paded dirough the interior one without 
touching either. The lower ends of thefe wires are faflened 
to a lliurt cylindrical piece of brafs, of the fame diameter as the 
exterior lube, to which the bob is fufpended by its centre^ 

/ig. 3. is a full fize fe£tion of the rod, in which the three 
concentric circles are defigned to reprefent the two lubes, and 
the reftanguUir pofilion of the two pair of wires round the mid¬ 
dle one, are fiiewn by the five (mall circles. By copying this 
arrangement, from flie elegant confiruflion of your own half 
•feconds pendulum (Phill. Journal for Augufl, 1799) I avoided 
much trouble, which mufl have occuri^ed to me, unlefs indeed, 

I had been impelled on the fame idea, by the difficulty of con¬ 
triving the five wires toa£t in a row, with fufficieiU free¬ 
dom and in fo fmall a fpace. Fig. 4. explains the part wiiich 
clofes the upper end of the interior tube: the two (mall cir¬ 
cles are the two wires whicli depend from it, and the three 
large circles (hew the holes in it, through which the middle 
and other pair of wires pafs. 

Fig. 5. is defigned to explain the part which flops up the 

bottom of the interior tube, the fmall circle in the centre is 

where the middle wire is faflened to it, the others the holes for 

the other four wires to pafi through* Fig, 6, is the part which 

• Q 2 clofes 
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clofee the apper end of the external tubcf the large circ& in 
the centre is the place where the brafs coirering for the upper 
part of the middle wire is inferted^ and the two fmall circles 
denote the fattening for the wires of the laft expanfion. Fig. 7 
reprefents the bottom of the exterior tube, in which the fmall 
circles (hew the fattening places for the wires of the fecondl 
expanfion, and the larger ones (he holes for the other pair of 
wires to pafs through. Fig. 8. is a cylindrical piece of brals, 
which fliews how the lower ends of the wires of the laft^ex, ^ 
pantion are fattened to it, and the hole in the middle is that 
whereby it is pinned to the centre of the bob. The fattening 
of (be upper ends of the two pair of wires is done by ferew- 
ing them into the pieces whic'h (lop up tlie ends of the tubes, 
but at the lower ends, they are all fixed as reprefented in Fig. 8. 

1 have only to add to this deferiplion, that the pieces repre¬ 
fented by Fig. 7 and 8, have each a jointed motion, by means 
of which the fellow wires of each pair Mvould be equally 
ftretched, although they were not exactly of the fame length. 

In the apparatus thus connefted, the middle wire will be 
flretched by the weight of the whole; the interior tube will 
fupport at its top the whole except the middle wire: the 
fecond pair of wires will be flretched by all except the mid¬ 
dle wire and interior tube; the exterior tube fupports at its top 
(he weight of the fecond pair of wires and the bob, and the 
fecond pair of wires arc flretched by the w^eight of the bob 
only. 

The firtl pendulum which I made of the tubular kind, had 
only three tieel wires, aVid one tube above tlie bob; that is two 
expaniions down and one up; and the quantity wliich ono 
of brafs falls to corre6t two of fleel, was compenfated for, 
by extending thofe branches of the rod below the bob, and bring- 
ingupan external lube to which the bob was affixed. There 
is an aukwardnefs in this conflruclion, owing to the rod reaVh- 
ing about I S inches below (he lower edge of the bob, otlier- 
wife, it is not inferior to the one firil dc.fcribed. 

The principles of the gridiron pendulum, I believe, have 
never been quctlioned, indeed they cannot be; the difficulty 
of coii(lru6ling it tlrong enough to prevent lateral flexure 
in the lifting bars, and confequent friflion in the holes of the 
different eroding pieces neceffary to bind it together, which 
occafion it to adt by flarts, has been the only obflacle to pre¬ 
vent its general application to the bell clocks. 

To 
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T5 remedy this evil I contrived the one here treated of, and 
in my own judgment, have fucceeded as near perfection as tubes, 
any effort of mine ever did. The tubes are drawn Araigbt 
and regular in an engine, in the manner that wire is done: 

*and their Arength affure fuccefsi preventing the polfibility of 
any feniible bending, while the freedom of aClion prevents any 
irregular motion whatever. 

I have no farther quarreled with my own conAruClion of the Troughton*s 
mercurial pendulumi the principles of which are faultlefs, and 
form elegant; than that it is quite unAt for carriage, and an but not portible. 
article too hazardous for me (o deal in; but after all, candour 
obliges me to give the preference to the original one of Gra*^ 
ham, which on account of fome fenfclefs criticifms about one 
part taking heat fooner than another, evaporation of the mer¬ 
cury, &c. was too liaAily laid ahde. Graham undoubtedly Giaham's pen* 
made his pendulum before the expanfions of either brafs or 
mercury were accurately known; but an ingenious friend of 
mine, has from the beA experiments, computed (he different 
parts to mathematical precifion, and introduced it a fecond 
time to the world; and already, there are not wanting proofs 
of its practical excellence. 

Smeaton’s pendulum with tubular bob is a good one, but Smeaton't 
on account of the glafs rod, like my mercurial one, is totally 
unAt for tranfportation, and like G^aham^s, is uiiAghlly; while ^ 
all three labour under the unavoidable difadvantage of not 
being applicable to the pyrometer in their compound and pen* 
dant Aate. 

I am about to conArud a pyrometer At to try the tubular 
pendulum in its Anitlicd Aate; a pin fixed in the centre of of- 
cillation, Aiall be contrived to ad on a nice fpi/it level, and 
Aiew the expatiAon, if any, in angular meafure: by which I 
lAiall be enabled to adjuAit; for I have no idea of adjuAmg 
one hy the going of a clock, that complicated apparatus will 
always, 1 fear, have too many errors of its own, lobe ufed as 
a criterion of the merits of this more perfed iiiArumenl. 

1 will here fubjoin the lengths of the different parts of lu^DunenAoM ifl4 
bular pendulums in inches; alfo, tlie expanAons of brafs 
Aeel from which I computed them. The lengtli of the inte- tubular pcii4u- 
rior lube is 31,9, and that of the exterior one 32,8, to which*"®* 
muA be added 0,4 the quantity which in this pendulum, the 
centre of ofciHalion is higher than the centre of the bob; ihefe 
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Expanfions of 
Inffi and ftecl. 


all of brafs. The parts which are of ftcel are the middle ♦Ire* 
including 0,&the length of the fufpenfion fpring, is 39,3, firft 
pair of wires 32,5, and the fecond pair 33,2. From experi- 
naents which I tried in the year 1791, I found my brafs to ex¬ 
pand with 60'* of heat, 0,000640 on an inch, and my fleel ' 
0,0003966. Smeaton obtained under tlie fame circumiiances 
0,0006144 for brafs, and 0,0003833 for Aeel. Roy found 
brafs to expand 0,0006316 and fteel 0,0003816. 

The above lengths computed from my expanflons will I think 
be found very correfl; if they are tried by Snicaton's, the pen¬ 
dulum will feera loerr in cxcefs, or gain with heat, about O'',9 
a day with 60® of Fahrenheit; if Roy^s be ufed, it will err 
alfo in excefs, under the fame circumflances fotnething more 
than one fecond. The above ftatement fhews with wliat care 
experiments of this kind ought to be conducted. All the di- 
snenfions are given in inches and decimals. 

If my pyroraetrical experiments (urn 9 ul fuccefsrul, (hey 
may likely be the fubje^t of ano(ber comniiinication; and I 
will re.'erve till then my reafons for giving the preference (o 
my own expaniions in tiie of (he inlirumenl here 

' deferibed; for (his letter, being twice as long as I firft intended^ 
fltallnpw be concluded by. 

Dear Sir, 

Your oldiged and obedient Servant, 
KDWARD TROUGHTON, 

November 3, 1801*. 


II. 

fitter ft omW, Jf.ssop, //?/. ortan I mpi^nvemcnt m the Prncefs 
* qf' hlufiing Rocks zvitfi Gitrt-powder, 


To Mr. NICHOLSON. 


SIR, 


If I am communicating to you what you already know, you 
will accept as an apology for it that it not generally known, 
and vfill be inlerefting to all wdio are concerned in mining or 
blafting rocks with gunpowder. 

Ufad prAcefs of The ufual procefs, after drilling a hole and charging it with 
boring and powder^ is to introduce a wire or fcaali iron rod, to preferve a 
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eomcyuDicaUon with the fuze, and then to ram up the re- * 

‘ ntainder of the hole with Aone pulverized by the operation of 
ramming it; after which tlie wire is withdrawn and the prim- 
ing introduced. 

, This is a tedious operation, often attended with danger, and tedious, du» 
frequently the labour and powder is loft by the priming hole 
being obftru£led in ftriking out the wire with a hammer. 

I had been iiilbrnied that inftead of this tedious operation! Loofe fand pro- 
Ihe blafting had been eftefled by introducing a ftraw filled with inftead of 

powder, and then filling the hole with loofe fand. 

I hardly could believe this, conceiving that the part where 
there would be the leaft refiftence would firft yield to the ex- 
plolion, and therefore ftiat the loofe fand muft of courfe be 
blown out. 

But in the month of Auguft laft I tried the experiment in Succeft of the 
fome very hard rock at Fortivilliam and it completely fuc-**P®fi®*ft** 
ccecled: I fince then have tried It on the lime rocks at Briftol 
with the fame effect. 

A few days fince, wifhing to know how fmall a quantity of Oak ao inches 
fand would produce the effefl, I caiifed a hole of l| inch 
diameter and 12 inches deep, to be bored in a knotty piece of charge of 3 
oak of about *J 0 inches in diameter and charged it with three ***®^*® 
inches of powder, and upon that four inches of fand, intend¬ 
ing (as 1 fuppofed that muft be blown out) to repeat the quan¬ 
tity of fand inch by inch to the quantity that would be fuffi- 
cient, but to my great furprize, »t fplit the piece with great 
violence into fix pieces. 

1 then repeated it on a fimilar log of oak, with a charge of The fiunc 
two inches of powder, and three inches of fand; it fplit 
piece in two, and Tent half of it into Ihe^air to the diftance of 
forty yards. * 

I think it may puzzle a phtlofbpher to account for this: 1 Conjecture si ca 
have fiippofed that the fand in eontad with the powder, firft 
itioving, the particles wedge each other faft before the motion 
has time to be communicated to the whole. 

I have reafon for thinking that a much lefler quantity of Lefs powder 
powder will produce the effefi in this way than by the common 
method; for as it lies loofe in its chamber and makes itfelf this wt/. 
more room by a little yielding of the fand, (he whole will take 
fire, and efpecially if when half the charge is put in, the ftraw 
be introduced and then the other half charge, (0 that it may 
take fire in the middle ef the charge. 

’ That 
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TRj fand ap- 
pears to ylAtl a 
Uttle. 


A charge of 
fand would pro 
bably deftroy 
artillery. 


r 


Mucilaginous 
powders from 
vegetable roots. 


That the fand v/ill yield a litlle, I think I may infer from 
having charged a lube of tin 14 inches in length and 1J diam¬ 
eter, with three inches of powder; on exploding it immerfed 
in water,, I found jive mete of the lube abruptly cut off, while 
the remainder was uninjured^ but I do not confider this in-* 
ference as dccifive. 

For want of lime I was prevented from trying how much lejs 
than three inches of fand would have been fufHcient. 

1 am. Sir, 

Your moft obedient,* 

W. JESSOP. 

London Coffee Houje, 

Nov. 8, 1804. 

P. S» Might not this he ufeful 011 the cvarualion of a fort, 
in deflroying cannon, inftead of the ineffedluai mode by fpik- 
ing? 


III. 

«■ 

On the lifucilfiginous Matter of certnin J egeiablen, and their life 
as a Su^ilatejbr Gwn Arabic: Mr» Thomas Willis; 

being a Continuation of Experiments ?nade upon (he Subj'e^^ by 
him, in Addition to thofeJormerly pubhjhed in the Ti'anjMions 
of the Society of Arts,* 

Letter io CHARLES TAYLOR, Eflj. 

SIR, 

I HAVE taken tjie liberty of prefenting to the Society for 
the Encouragi^:nient of Arts, &c. fpecimens of the powder of 
vernal fquills, of white lily-roots, and of falop, for their con- 
{ideration and trial. I believe the bulbs of the vernal fquilf 
will be found to be equally ufeful as thofe of the hyacfnlhr.s 
non-fcriptus; and the ftrong mucilage from the white lily-root 
and the falop much more fo. 

As gum-arabic has been at LirneSi during the lafl war, above 
30/. per cwt. the multiplication of different fubfiances that will 
anfwer the fame purpofe, will affuredly be an objedl of a very 
interefting nature to manufacturers in lime of war, 

♦Extrafted from their Tranfaaions, Vol. XXL The former 
experiments arc in our Joumali VII. 


I have 
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I have fcnt all the powd^ of white lily-root I had left; but 
am at the prpfenl tl^ drying fome taken from the garden two 
or three days ago. As foun as it is powdered, 1 will fend you 
a large quantity of it. 

* lam. Sir, 

Your moft obedient Servant, 
THOMAS WILLIS. 

March 2 V, 1803. 


SIR, 

FROM the candour and approbation my paper on the ufe 
of the hyarinthus non-fcrlplus, as a fubnitute for gum-arabic, 
in fome trials in calico-printing, met with from the Society for 
the Kncoiinigemenl of Arts, &c. I refolved to purfue the fub- 
je6l further; and now offer the following ohfervalions for your 
confideratioii, in hope that trials may be made, that will be 
found lobe of general benefit- 

Having frequently obferved;»jn old gardensi that the vernal Root of the 
fquill grew very prolilic, I conceived the root of them might ’'crnilf^uUlvcry 

® mucitt&muui, 

be equally as mucilaginous as the roots of the blue bells. I pro¬ 
cured three pounds fix ounces of them on the 8lli of July, 

180*2, and fliced and dried them. They produced one pound 
one ounce of powder, one drachm of which was dilFolved in 
four ounces of water, by letting the mixture boil a minute or 
two. When the liquor was cold^ there was a mucilage full as 
ftrong us one made with a drachm of the powder of blue bells, 
in the fame proportion of water; from which circumftance, 1 
fliould think the vernal fquill will anfwer thefam^ purpofes as 
the hyacinthus non-fcriplus. If it fhould, it is a root^that may 
l>e very eafily and plentifully propagated, and whenever gum- 
arabic* is dear, may be found ufeful. It is to be remarked, 
that I found no pungency in the powder of the vernal fquill. 

I have frequently eaten of it, and the tafte is rather agreeable. 

On the 18th of Auguft, 1802, I collefled four pounds of White lily root 
the white lily root, which yielded, when dried, rather more "jg'iaouV. 
than one pound of powder. A drachm of it was diffolved in 
four ounces of water, by gently boiling it a minute or two: 
the mucilage was much ftronger than that made with the ver¬ 
nal fquill, but fomewhat darker coloured. This root may 

, polTibly 
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Cum obtained 
^ folution and 
evaporation* 


Comfrey roou 


poffibly anfwer the fame purpofes better than thofe above men¬ 
tioned. The powder of the lily-root leavqua bitternefs on the 
tongue. 

Twelve ounces of the frelh roots of the while lily beinf^ 
bruifed and prefTed, yielded by evaporation one ounce and one 
quarter of brown gum. 

There being a fmall quantity of it, 1 made no trial with it; 
but very probably the exprefled juice might be ufed by (he 
calico-printers with advantage. Thefe roots can be procured 
at all timeSf and propagated to any extent; but it muft be ob- 
ferved. that thefe bulbous roots are tlronger when they are 
without Aems, or only beginning to flioot out leaves; and the 
prefent time is as proper a^ any that can be for procuring them. 

1 tried comfrey-root; but the dark colour of the cuticle of 
the root aSe£led the folution,. by making it of a dark dirty 
brown. 

1 do not pretend to claim any raeiit in making the above 
experiments. Every one who is acquainted with thefe roo(s» 
well knows that they are all mucilaginous. My defign is only 
your patronage, to render them ufeful in the arts, that their 
virtues and etTedls might not lay dormant, but be rendered 
ferviceable to trade. 

After making the above trials, the powder of falop-root 
fibp r^otaflfbi^s ufed, by ditfblving one drachm of it in four ounces of 

very Urong . , . -it it 

mucilag'!; pro- water, in the manner above mentioned. It produced a very 
^bly cheaper^^c (irong mucilage,, and, when cold, was a perfeS jelly, and 
^ 'much clearer than either of (he other folutions. I am greatly 

of opinion, that the powder of this root will not only anfwer 
all the purpofes of gum-arabic, but will be found full as cheap,, 
if not cheaper, in proportion to its flrengtb, than gum-arabic; 
but this is fubmilted to your confideration and trial. 

1 have Tent Ibme fpecimens of the Powder of the Vernat 
Squill, of While Lily Root, and a'ifo of the Salop Pqwder, 
ill order that they may be tried by your diredlion; and if they 
flioald be found of benelit to commerce, nothing would give 
tna greater pleafure, than to find my Sender abilities have 
beea of utility to my country, and honoured with the appro¬ 
bation of the Society. 

I am. Sir, 

Your obedient fervant, 

THOMAS WILLIS. 


Powder of 
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IV. 

Examinattoa of Mr. Ezekiel Walker's Experifmnts and Theory of 
*the Enlargement of the Horizontal Moon^ In a letter from 
C. L. 

To Mr. NICHOLSON. 

SIR, 

Your correfpondent Mr. Ezekiel Walker, has favoured Ihe Affertion of 
world with a new attempt to account for the apparent enlarge- 
mentof the horizontal moon*, in which, after indulging his images vary 
wit, and exprefling his ationilhment'at the expence ot thofe 
who have laboured on the fame fubjed, he proceeds to affure 
us that the piltares on the retina arc not permancTU but vary as the 
dirnenfians of the pupil vary. 

That you, Mr. Nicholfon, who are in Tome refpedt account¬ 
able to the world for what you admit into your Journal, and 
w'ho poflers a juft celebrity for the manner in which you have 
executed Che talk,—that you thoald have omitted to favour the 
writer and ^our readers To far as to reje£l his paper, is to me 
no otherwifc to be explained than by referring it to your im¬ 
partiality; which may have induced you to leave the refutation 
of ailedged fadls to your correfpondents rather than enter into 
a difeutBon refpe6iing them yourfelf. 

I cannot for a moment fuppofe you to have had a doubt con-Confequenccf 
cerning this imaginary novelty in optics. If Mr. 
position were true, the magnifying powers of the fame tele-founded. 
Icope would vary with its aperture; a well illuminated theatre 
or room would become contraderl in its app*aren( dimeniions; 
the paper at which I now look would fuddenly become larger 
*#rhen I cover Ihe candle with m^ hand; and in a word we 
fliould jiave no certainty if the magnitudes of things were to 
appear different with every change of the pupil. 

None of thel’e things do in faS happen, audit feems almoft J^^*^^** 
Irifting (o infill upon them. Still lefs is it neceflary to have 
recourfe to lines and figures: hut for the fake of your left 
inftrucled readers I w.ll meet Mr. Walker by correQ experi- 
ipents of the fame defenpiion as his own. 


* Pbilof. Journal^ IX. 164. 
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The imafe Erp, 1. I toak a clear double convex lens fupporlfcd on h 

^th*aand placed the fame oppoiile an A^gand^s lamp; fo 
aperture ii the that a good image oF the flame was formed upon a paper fixed 
tunc as again/l the wall of the room. From (he flame to the lens the 

diflance was 49|’ inches and from the lens to the image it was 
88 inches. The horizontal breadth of (he image was repeat¬ 
edly meafured = 1.58 inches and to a greater degree of pre- 
ciflonthan one hundredth of an inch. 

with a con- 2. The lamp and lens were fuflTored to remain unaltered 

crafted aperture.in t|^e fituations they poilefled in the former experiment; but 

a fereen was placed cloFe to the lens^ having a circular hole 
of one inch diameter concentric with the lens iifelf. The 
image was then fainter but very diflinci, and meafured exactly 
the fame as before. 

In both thefe experiments the papers on the w'all vt'ere fe- 
veral times changed to prevent any deception from the appear¬ 
ance of former meafures; and the meali^res were taken along 
the fame horizontal line by the help of a line on the wall. 

Hence it was feen that a diminution of the pupil or aperture, 
to admit lefs than one thirty-eighth part of the light, made no 
difference in the image. 

The experiments Exp. 3. I took a good achromatic object glafs of DoIIond, 

repeat d with having an aperture of 1.9 inch and placed it at the diflance ot 
achromatic lens. I .. , 

32| inches from the lamp; when it gave a good image on the 

wall at the diflance of 70^ inches from the lens. 'I'hc hori¬ 
zontal breadth of the image was 1.2 inches. , 

Exp» 4. When the experiment was repeated witli no other 
change than that a fereen with a central hole of 0.3 inches 
was placed before the lens, the image proved 1 .2 inches as be¬ 
fore. , • 

The ^two lafl experiments were made with the fame care 
and precautions as the former. They (hew that no diminutior 
of the image takes place when the pupil isdiminiflied admit 
lefs than one fortieth part of the light. 

I may not conclude, Sir, without making fome obfervations 
on the direct contradidion of my experimental refults to tbofe 
of Mr. Walker’s, May I aferibe to him any thing n^ore than 
inaccuracy? AfTuredly I do not. Nevcrthelefs, if he mca- 
fured fo uncertain a thing as the length of the flame of a candle 
without being affared by repeated experiments that its perma¬ 
nency was entitled to fome confidence; if he held bis fereen 

neares 


FrdbsbiUty that 
Mr. W. wu 
deceived, and 
how* 
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Hearer to his lens when the light was rendered fainter By hh 
card; if he rniftook ihe jrreatcr vifibility of the fmaller image 
tor a proof that it was in the focus of tlie lens; in a word, if 
he did iKrt patife and examine foi mer faffs before lie adopted a 
conc'lulion fo repugnant to many of them, I would (ubmit to 
yourfelf and reiders whether he has a^ed confiftently with the 
rules of philofopliicul inveftigation, or has any reafon to prize 
his own fohition beyond lliat which is founded on the rules oi 
linear pcjfpo<^ive*. 

I am. Sir, 

Your humble fervant, 

, C. L. 




V. 


• The Method of prepar'a^ Chinefe ^V^3y, By Mickaei. de 

(TRUBBENS.f 

In the a£ls of the Swodifli Academy, for 1764', page 38 , Ekoberp’s ar. 
w'e find a clefcriplion of liie prepaiation of Chinefc Soy, b) * 

Ihe late Captain Ekeberg; but as this deferiptiun Is not only 
incomplete but even defic'ieiU in accuracy, fo as not to produce 
the true Chinefe compound, 1 am well convinced that Mr. 

Ekeberg mufi have been unacquahUed with the aflual procefs. 

It is mod likely Ihdl l)e depended upon information given him 
by the Ciilnefe who are not always lobe trufied; a fafl of 
which I have had fulHcicnt rcafuiis to be convinced, during 


* Mr. W. having fuppotVd thnt the want of Jdnd objift* muft 
take away tlic notion of ditfanre at fen, reminds me of an incident 
concerning the Paiioranii of Bfack-Fiiai*s Bridge. This |:A£lxirc 
wa^exhibited with indications of a confidcrable wind with waves 
on the;rivJ^, at the fame time that the buildings on the London fide 
were teen refieffed in the w.it'T, 1 took notice of this inconiifiency, 
and the ingenious author replied that the water had been at fit ft 
painted as if finooth ; but it was found iiecefTary to put in the waves 
in order to give diftance by their regular diminution in perfpeflive, 
and that the refle£fions weie kept in from a notion that they would 
rather add to the effefl than oftend by their want of pcrfcfl truth. 

f ExtraffeJ from the Memoirs of the Academy of Sciences of 
Stockholm for 1803» by M. Linborn, and inferted in the Annales 
de Chimie, Vol. L. from which the prefent traoilation is made. 

* xny 












Ingredients of 
fu>« 


Procefs. 
Hcricots are 
boiled in water^ 


•—then mixed 
With wheat 
flour* 


my five years refidence in Iheir country, in my attempts to af- 
Certain corre£tly the manner of treating a fpecies of (ilk-worm 
which affords its thread five or fix limes in the year, as well as 
their methods of dyingcollon and filk and feveral other branches 
of domefiic ceconomy. 

Having fince received for a confiderable remuneration true 
notions concerning thefe objeds, 1 faw how far the former re¬ 
citals had differed from the truth. The fame thing happened 
in my attempts to difeover the preparation of foy; bijit as I at 
lafi became perfedtly acquainted with it, 1 think it proper to 
communicate the fame to the academy. 

Soy is prepared with a fpecics of haricots (which are white 
and fmaller than thofe of Turkey) wheal flour, common fait, 
and water. The following are the proportions; 50 pounds of 
iiaricolSj 50 pounds of fait, 60 pounds of wheat flour, and 
250 pounds of water. * 

After having well wafhed the hartcots, they are boiled in 
well-water in an open vcfTel for fomc hours, or until they have 
become fo fuft as to be worked between the fingers. During 
the boiling they mufi be kepi covered with water to prevent 
their burning, and care mufi be taken not (o boil them too 
much, becaufe in that cafe too much of their fubfiance would 
remain in the water of dcco6lion. The haricots being thus 
boiled, are taken out, and put into large (hallow wooden vef- 
fels, which in China are made of thin fiaves of bamboo, two 
inches and a half in depth, and five feet in diameter. In thele 
they arc fpread out to the depth of two inches, and when they 
are cold enough to be worked with the hand, the wheat fioui 
is gradually thrown in and well mixed with the haricots, unlil 
the whofb of the before-mentioned quantity has been ufed. 
Wii^ the mafs becomes too dry, fo that the flour does not 
mix well with the haricofs, a little of the hot water of decofiion 
is added. ^ « 


—and thinly The whole being well mixed, the mafs is then fpread abroad 
velTd covered ^ vefTels before-menlioned. taking care that its depth fliail 
up. not be more than an inch or an inch and a half; and the mafs 

is then covered by a lid which fits exadlly. When the maf^ 


A peculiar 
mouIdineTs is 
luffeced to come 
on by admitting 
the air; 


begins to become mouldy and heat is difengaged, which hap- 
pens after two or three (lays, the cover is then raifed by put¬ 
ting two fticks beneath it, in order that the air may have free 
ccefs. During this time a rancid odour exhales, and if the 

tnttfs 
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mafs becomes grcrn^ it is a Ggn that the whole goes oil pro. 
perly^; but if it begins to be black, which mull be ('aiefulljr 
noticed, the lid nuifl he elevated dill more, in order that the 
ftiafs may have inoie air. If it once becomes black, the whole 
is fpuiled. 

As fuon as alt the furface is covered with green mnuldinefs, 
which ufually happens in eight or ten days, the cover is taken 
otf, and the compound is expofed lo the fun, and the air for 
feveral days. When it has become as hard as a done, it is cut 
into fmall fragments, which are thrown into an earthen t'elTcl, 
upon which the 2.^01 bs. of water, having the 50lbs. of fait 
drd didcilved in it are poured. The^whole is then well dirred 
together, and notice is taken of the height at which the water 
Oands. If it be nut convenient lo put all the mixture into one 
velfel, a number mny be ufed, taking rare that the materials 
be proportionally didriliiitcd in each. The vefTcl thus filled is 
placed in the fun, and its contents dirred up regularly every 
morning and evening, and a cover is put on at night to defend 
it from the cold, as well as lo jirevent any rain from ftnding 
entrance either by day or night. The hotter the fun the fooner 
will the foy becompleled. The procefs is feldom undertaken 
bat in the (ummer, iiotwithflanding w'hich it lads two or three 
months. 


—the compound 
U then dried. 


cut in plrcei 
and mixed witfi 
fulc waits : 


and in a vffTct 
pbied in rhe 
l.tn and daily 
agitated 


for two or thtvc 
niuntht. 


As the mafs diminilhes by evaporation, well-water is added; Whm ihc flytl 
and this digellion is continued till the fait water has entirely amT 

dlll'olvi'd I lie flour and the haricots. The vefTel is ftill left fi)r huniogcncous 
fome da) s in ihe fun, in orrle.r Lo coinpleat the folulion flill more 
efTeflually, as the good rjuality (if tiie foy depends upon this 
circuinliance; and the daily fiirring oragita^ioii is conliinied lo 
iheveiylaft. 

When at length the mafs has become very fuccufent and it U ftrained bp 
6 ily, the whole, as well the thick'as the more fluid portions, *^**^^“*^*^ ***^ ^ 
is poiifk-ed into bags, through which the foy is prefTod, and is 
then clear and ready for ufe. It is not afterwards boiled, as 
Mr^Ekeberg pretends. It is to be kept in bottles well corked. 

The Chinefe who deal in this article keep it in large pilchers 
well clofed. Before it is Araincd in the prefstbe foy is of a 
deep brown colour, but it afterwards becomes black. 

The Chinefe alfo prepare two kinds of foy from the Inferierfoyfroa^ 
which remaio. The firft time they add l^Olbs. of water and 

SOlbi. 
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been often 
verified. 


30!bs. of falti and after having preflcd the mafsi llieyagUn add 
lOOlbs. of water and 20lb$. of fait, always proceeding as be* 
fore deferibed. 

The two lart kinds of foy are not flrong, bat very fait, more 
efpecially the latter, which is alfo lighter coloured, Tbefe twb 
ki-nds are the mofl common in China, and are ufed both by 
natives and Europeans, The differences of price areas 8.4.1. 
Thii procefs has In this manner I prepared in 1759, at iny refidence in Can¬ 
ton, (he whole of the foy I made ufu of, and I alfo brought 
fcveral bottles with me to Sweden. It was fucculenl, oily, 
moderately fait, and very different from wliat is commonly fold 
in Europe. Witf) regard, to its taflc, it might be put in com> 
petition with that of Japan, which is generally coiifidcred as 
the befl. 

This defeription is more particularly to he depended upon, 
as I always made the preparation myfelf; and 1 can venture to 
affertthat this procefs is the only one fo^ obtaining foy of the 
befl quality. 

Soy wntairs no Mr. Ekeberg affirms that the foy is boiled with the addition 

of fugar, ginger and other fpices; but this is without founda- 
China for three lion, and cannot be true, for a lb. Chinefe of foy cofts no more 
half pence a candareens of Chinefe money *. This was the com.. 

pOUfltf* 

mon price during my whole relidence at Ctiina, and is too low 
to admit of thefe ingredients in the preparation. It isalfothp 
fa<5l that foy has no indication either of fugar or fpice in its 
taflc; its principal character is faline. 


by the writer 
himfclf- 


VI. 

1 

On the Laws of GaJraniftn. In Letters from C. Wilkinson 

and Thomas Harrison, Ejijrs^ i 

« 

Winda'mere Lake, Wiftinoreland, Nov, 8. 

Dlak Sir, 

Some account J TAKE the opportunity of a few days relaxation in this ro<. 
of Mr. Gough, gjjd piftureique fituation, (o trouble you with fume 

* The Chinefe pound or tael is, 1 think, about 20 ounces, and 
the candareen is a little more than three farthings, that is to fay, it 
is one tenth part of the mace which is valued at eight-pence. N. 

* galvanic 
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galvajic obft-rvations, which principally originate from a very 
plealhrcabie converfation 1 liave lately had with my friend 
Mr, J. Gough, ot Kendal. To you, Sir, this gentleman, as 
a philofopher and mathematician, is well known. Although 
deprived of fight in very early infancy, it is amazing to ob- 
ferve the rapidity with which he proceeds in geometrical in- 
vefiigatioiis. Independent of this very linking acquifilion, 
he is the bell botanili and natural hifiorian this country pof- 
fefles. To Ihcfe branches of knowledge he adds very con- 
fiderable claflical knowledge; and in his pneumatic enquiries 
he places no dependance upon any of the gafes which he does 
not prepare himfelf. To converfe with fuch a perfon is to be 
improved. To fome ledures I delivered on galvanifm a few 
days ago, at Kendal, I w'as honoured with his attendance; 
and in coiiTequence of the law I was attempting to explain, 
relative to the powers of galvanifm on metallic bodies, 1 was 
favoured, the lubfequent day, with the following letter froin 
a very intelligent and well-informed profelfional gentleman at 
Kendcil, Mr. Harrilbn, brother-in-law to Mr. Gough; the 
particulars of which I dare fay you will find fufficiently in- 
IcTcfling to merit infertion in your valuable Journal. 


To C. WILKINSON. 

DhAR Sir, Kendal, Nov, 5, ISO-t*. 

1 MENi iONED to you ycfterday my doubts Tcfpefting the inveftigation of 

law of galvanifm, which you have laid down in NicholfonN . 

, • /• I 1 • . aiiFsrtnt pili*s »■ 

journal tor March 1, 1804 ; where you lay, that the igniting burning wire. 

powers in batteries of the fame total furfafbe, are^s the fquares 

of the fiirfaces of the elementary plates, fingly taket^in each : 

♦This, if I miftake not, you repeatejd in your ie6lure ol laft night; 
at w!iicii time I expreflecl my doubts to Mr. Gough, and we 
afterwards examined the data given in the paper before-men¬ 
tioned ; on which we made the following calculations, and 
found that your conclufion was ftridly true according to your 
data, but that the forces of different batteries expofing un¬ 
equal furfaces, will be in tlie ratio compounded of the number 
of plates in each battery, and the fixlh power of the fides oi 
the elementary plates fingly taken in each. The data you 
have given are the following : 100 plates of four in, fq. ig- 
VoL- IX,— December, 180L R niled 
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nited half an inch of wire; 400 plates ignited two XKcbes; 
and 50 plates of eight inch, fq. ignited 16 inches of the fame 
wire. 

Now in order to accommodate Ihefe numbers to algebraic 
calculation, we will fuppofe a comparifon of three battcrie8> 
two of which are compofed of plates of equal diameters, but 
differing in number j the third fliall alfo differ from the firfi 
and fccond in the magnitude of its plates, and agree with the 
fecond in the number of them. 

Let n be the number of plates in the firfl, m the number in 
the fecond and third batteries; w and y the diameters of the 
two fets of plates. Then, if the power of any finglc plate 
bear any conflanL ratio to*tts furface, it will alfo have a con- 
iiant ratio to foine power of its diameter, becaufe the furface 
is as the fqiiare of the diameter in fimilar figures: let jibe that 
power; let /« k, and z exprefs the lengths of wire which are 
.ignited by the Iff, 2d» and 3d batteries^ then from the firff 
datum, n : m : i I; k, becaufe the effect is as the number of 
equal plates, according to experiment. Again, feeing that zv 
is the diameter of the plates in the hrff and fecond butteries, 
and 1 / the diameter of thofe compofing the third, and p cx* 
jireffes the power determining the law of force for plates of 
different diameters, the force of a plate in the firfl and fccond 
batteries will be to the force of a plate in the third, as 
a'’ : j/P, and as the number of plates in the fecond and third is 


PUte. Plates. 

equal, wc fliall have tw: wy** i: k : z, becaufe as 1 : y/i;: 
Plate. Plates. 

tv**: k, and as 1 : m :: : z, then as v/ : y^ :: k : z, but ai 

7/: m :: Z; i; therefore nvP ; my^ :x Ik : kz \ i I x z 
Itny^ • 

n • 


To apply this general theorem in order to determine the* 
value of p in all cafes, we will begin with your own eS:peri- 
ment made with equal furfaces on different numbers. 

Since 100 plates, of four inchesi ignite half an inch of 
wire, and 50 plates, of eight inches fq. ignite 16 inches, we 
have 71 = 100, tw = 50, w = 4, y = 8, Z =: |, z = 16; there¬ 
fore 100 X 4^ : 50 X 8' ;: y: 16; but fince 8 = 2 X 4, 8^*= 

2>’ X therefore 2 ; 2' :: | ; 16, and 16 = ^ =s 2» ~ *; 

2^ 


but 
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but to zz 2^; hence 2 + = 2 ^ — * ; therefore p :r 6 ; hence 
the force of plates areas the 6 th power of their diameters* 

When the furfaces are equal, the igniting force is as the 4th 
power of the tides of the individual plates; for in this cafe we 
have n u;* = and n : m :: ; therefore the theo¬ 
rem wtt® ; : z, becomes w* : w* j/® :: i: z ; that 

is, zv^ : : I: Zg which is the law in your particular cafe. 

This theorem will be found ufeful in eftimating the force of 
batt^ies in general; as an example of which we fhall calcu¬ 
late, by means of it, tlie force of your intended battery, con¬ 
fining of 60 plates, each 24 inches diameter. In order to de¬ 
termine the quantity of wire that-will be ignited by fuch a 
battery, we have n = 100, wi = 50, zv = 4, 3 ^ = 24, or iix 
times w, / = j; therefore 100 x 4* ; 50 x 6® to® :: i ; 3 j 

6 ® 

that is, 2 : 6 ® :: i : z, and 2 = — = 36* x 9 inches, or 

* 4 

.072 Feet. 

I am. Dear Sir, 

Your’s refpcdlfully, 

THOMAS HARRISON. 

iStra7nongale, KendaL 


YOU will obforve, Mr. Editor, from the above theorem, 
that iny fiatement of the powers of two different galvanic 
arrangements, equal in their metallic furfaces, being as '''^**^*^* 

fquarc.s of the furface of two individual plates, or, which is 
the fame, as the 4ih power of the diameter of each plate, is 
correct only where the metallic furfaces aw; equal; wlien they 
are not equal, then the powders are as the 6 lh*power of the 
diameters, or as the cubes of their rcrpcclive furfactfi. 

• In a flmrt lime you wdll have •the pleafure of a p:iper from 
Mr. G ougl), relative to the decompofition of water by gal- 
vanifin: With this view we tried together (he following ex¬ 
periments, the refulls of which tend to favour the explanation 
I have attempted in the Elements I fometime fince publiflicd. 

For this purpofe I employed 270 plates, containing a fur- 
face of 6720 i^uare inches, and connected with the pofilive 
and negative fides by wires of plalinuin. Thefe platinum wire** 
were inferted in a difli of water at eight inches trom each 
other; the politlve wire difengaged oxigen gas, the negative 
- ' R 2 wire 
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wire Iiiilrogen gas. The decompofition look place ar^fy 
flowly; in proportion as the wires were approximated, the 
decompofition increafed in the fame ratio. 

The platinum wires were then inferted into a capillary tube 
whofe bore is about of an inch, filled wilh water; no fen- . 
fible efTeft was produced till the wires were placed at the dif- 
tance of half an inch, and then only a folitary bubble became 
difengaged from the negative w Ire, never completely detached, 
but hovering round the extremity, not being fet at liberty by 
the evolution of another particle, 

When the platinum wires were inferted in a lube whofe 
bore is of an inch, at the diftance of fix inches a flight de¬ 
compofition was obferved, and which necefiarily increafed in 
proportion as the wires approached each other. 

When the platinum wires w^ere inferted in different glafies 
of water, and the extremities of a frog deprived of its inte¬ 
gument confliluted the ennnefling inediiipi between the tw'o 
glafi'es, ora wet piece of cloth, at the diflance ol three inches 
a flight decompofition was obferved. 


Invcfllgation of 
the laws of de* 
compotition of 
water bj gal- 
vamfiii. 


When two wires are connefled wilh the different ends of a 
galvanic battery, the wires immediately participate, as to 
their elefirical intenfity, wdth the refpcfiive plates with which 
they are in conladl. 

Let us fuppofe I* the wire (rom the pofitive end of the bat¬ 
tery, and N the negative. PL Xl'L 'J. Let us fup¬ 
pofe that the gulvanic arrangement ts fuch, tliat, vvlicn the 
wires arc placed at the difiatice a, a, the dccompontion 
commences. If the wires be ])]aced at b and b, the decom- 
pofiLion is confidcrably increafed; and this increafe will go 
on, till the ipaximum will be at d, d, when the wires are 
infinitely near each other without being in conta£l« 

The pofitive wire, according to its eleflrical intenfity, pro- • 
duces a correfponding flatc in all fluids with which itt.is in 
contafl, proportionate to their capacities; To alfo the negative 
wire; and it is evident from the principle of electrical charges, 
that the influence of each muff extend to equal diilances; it 
will therefore follow', that when at a, a, fuppoflng thefe 
points the apices of two equal cones, the areas of their 
refpedive bafes will be the leaft poflible, and confequently, 
in their concourfe at s', will only influence a fingle particle of 
water. When the wires are placed at 6, then ci will, ex- 
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preHithe radius of the circular bafe (fuppofmff be = a i)f and Inv^ftlgaticlli of 
coniequently a greater proportion or water tubjeaed to tnCcompufition t»f 
influence; and therefore evidently when at d, d, or infinitely water by gaU 
near, the maximum of decorapofing eflefls mull take place. 

This wc obferve is confonant (o experiments. 

If a particle of water confifls of a particle of oxigen and of 
hidrogen in a Hate of chemical union, and if an agent be em¬ 
ployed fufficiently fubtle to penetrate the conflituent particle 
of water, a reparation will take place. Thus caloric will de- 
flro}'* the aggregation of the confiituent particles of many fub- 
Hances, without producing any decompolilion ; in tin's cafe it 
only a£lj» by penetrating the interflices fornu d l)y the confii- 
tuent particles, without pervading the fubfiauce of llic con- 
ftiUient particle ilfelf. Thus the portions of water, although 
participating of the refpedive ele^rical intcnfitics of the two 
wires, as yet undergo no clccompofition • as yet it has not 
completely pervaded tlie particle of water. When a particle 
of water is influenced on one fide by the pofitivc wire, and 
on its other fide by the negative, then the particle of water 
becomes a famll Leyden phial; and if the energy of the ap* 
paratus (liould be adequate to overcome the rcfiflance be¬ 
tween the two fides of the particle of water, a feparatioii is 
produced, and the water becomes rcfulved into oxigen and 
hhlrogen. 

Tliis dcfiru6lion of the water will lake place at i, the in¬ 
termediate difiance between a, a; bccaufe, when thus re¬ 
motely fitualcd, only a fingle particle of water becomes thus 
operated upon ; when at i, b, a greater number of particles 
of water become thus influenced, and coniequently the dc- 
compofilion is more rapid, / 

If water placed in a capillary tube be employed, it is evi¬ 
dent, however near the platinum wires are approximated, 
the areas of the bales of the refpeClive cones will be not at all 
iilcreafed, and, confequently, the maximum of its power will 
be confined comparatively to a folitary particle of water. 

The inftant a particle of water becomes thus feparated into 
its elementary portions, it might be expefled that Ihefe por¬ 
tions would be evolved at as being the point of concourfe 
between the pofitive and negative fiates; but in this form 
they are not in the gafeous fiate ; they require caloric, &c.; 
and that they do not very readily acquire tliis other principle 

necellary 


LAWS OF GALVAKISM. 

neccflary toconflilute them gafes, is evident from the oxj^cn, 
if an oxidable metal be employed at the poiitivc end, enter* 
ing into combination with the metal, inilead of being difen- 
gaged in an aeriform flate. 

Water is a conduflor of electricity; its capacity for this 
principle being in proportion to its conducing powers. When 
converted into vapour, its conducing powers are increafed^ 
and fo alfo in the fame proportion its capacity, as is evident 
from water, when undergoing this change, abflraCting elec¬ 
tricity from furrounding bodies. 

When a particle of water is refolved into its elementary 
portions, a change takes place in their capacities for eleClri* 
city, caloric, &c. at the v^ry iiafcent inflant. Oxigen we 
know, from other experiments, lias its capacity for eleClricity 
increafed, and muft acquire this principle before it can atfume 
a gafeous form. This acquifition will be efieCted willi the 
greateft readinefs in the direction towards the pofilive wire ; 
while the hydrogen particle having its chpacily diminiilicd, 
will be fiinilarJy determined towards the negative wire. 

For a future Journal 1 will trouble you with fome experi¬ 
ments relative to this change of capacity. I am anxious fn tl 
to perufe Mr. Gough’s intended paper, trom whofe philolo- 
phical abilities much may be expedled. 

Having extended this paper to a greater length than 1 at 
fird expe6led, 1 fliall defer, till another opportunity, a reply 
to Mr. Cuthbertfon’s obfervations, and flatter inytelf I (hall 
be enabled to clearly point out the error into which Mr. C. 
has fallen. 

Although your Journal may not be deemed the proper me¬ 
dium for any medical^ communications, as I have lately wit- 
neiTed the very powerful effefls of galvanifm in rheumatic and 
paralytic aJe&ions. Whatever may prove of benefit to man¬ 
kind will, 1 am peiTuaded, be readily admitted into ^our 
valuable Work. • 

I am. Dear Sir, 

your^s, with the grealcfl refpeCt, 

C. WILKINSON, 

19 , So//o StjmrCf 
Zo7ido/t. 
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Remark upon an Affertion rvf Lavoisier, uhich has been re^ 
pcatcd by eminent Chemifis. By P. Prevost, Frnfeffor at 
Geneva, and Correjpondent with the National Jnjiitutc qf' 
France, ^ 


" T 

-RT is a conflant phenomenon In nature . .... that when AfTettinn of La* 

any t^dy whatever is heated.its dimenfions 

hicreafed in every diredlion • . * • , If after having heated n>ntr«i6libie by 
a folid body to a certain point, and by that means feparated 

. , , . 1 I r /V. t I . titles aic not in 

its particles more and more, it be then lunered to cool, theie conudK 
particles will approach each other, according to the fame gra¬ 
dation by which they were before feparated ; the body will 
pafs through the fame dimenflons it before poireffed; and if it 
be reduced to the fame temperature as at the beginning of the 
experiment, it will'refume its original volume. But as we 
are v'ery far from being able to produce an abfolute Hate of 
cold ; but on the contrary, as there is no degree of refrigera¬ 
tion which we cannot fuppofe to be capable of being further 
augmented, it mull follow that we have not yet fucceeded in 
bringing the particles of any body as clofely together as is 
pollibie, and confequently tliat the pa) tides of no body in nature 
can be in a jiate of contact; a very iingular conclufion, but to 
which ncvcrthelefs it is impoffible to refufe our afTent.’^— 

Elmeniary Treaiifc of Chemijlry, by Lavoijier, VoL I. ai the 


commencement. 

The lame aflertion is repeated feveral pages further, where The fiiine aflir- 
an example is taken of a vefTel filled with I'mall leaden fliol- 
'' The balls touch each other,” fays our author, whereas 
the particles of bodies do not touch, but are always Jeept at a 
* fmall difiance from each other by. the effort of caloric.” 

#Tlfe authority which this celebrated chemift enjoys in the 
learned world, is probably the only caufe why this conclufion 
lias been adopted. It is at leafi certain that it is not legiti*. 
mate, though it has been fo often repeated; and more parti* 
cularfy in a late work, no lefs remarkable for the deptli of 
rcafoning and extent of knowledge which it difpiays. Ber* 


* Annales de Chimie, Vol. L. p. 58» 

thollet. 
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^Bertholiet. thollet. In hh Ejfhi de Static Chimique, Tom. L p. 24-, parag, 
f 2, * has thefe words : '' Cohefion is the effect of that /liinity 
which the particles exercife on each otheri and keeps them at 
a didancci determined by the eqailibriutn of this force with 
thofe which are oppofed to it; for the property pofTefTed by 
the mod compaA bodies of undergoing a diminution of volume 
by reducing their temperature, proves that there is no imrae^ 
diate contafl between their parts.'’ 

After all, it is not I'urpriiing that an author, who has un¬ 
dertaken and ruccefsfully executed a work of fuch immenfity 
with regard to chemidry, fhould refer to one of his mod cele¬ 
brated predecelTors for the folidity of an argument which re¬ 
lates to the principles of natural philofphy ; and this conduA 
is fo much the more natural, as the argument never having 
been cunteded, though frequently quoted, a conliderable 
prefumption arifes in its favour, to difpenfe with any careful 
examination in cafes where it is not intended to be farther 
applied. Now it does not appear tha<, any iaither ufe is 
made of the propofition throughout the great work to which 
our attention is now directed, I therefore confider the paf- 
fage here extradled, rather as the occaiional mention of a 
dngular paradox, than as a thetis which tlie author wus de- 
firous of edablidiing. 

whofc authority Let this be as it may, it will nolwilhftanding follow, that 
may ncvprthr- (he mere incidental mention (»f an aHertion by an author to 

juftly refpefled, will be conlidered as a proof of its truth; 
error. and that the numerous difciples of this great mafler will re¬ 

peat it with confidence. It is therefore dcTiiahle that its want 
of foundation fiiould be infified on, and that it fl^ould be di- 
rc£lly refuted in adjournal of exlenfive circulation; more 
particuiariy amongd' thole who are mod likely to be milled 
by fuch ap error. 

The author does Before we proceed, it wilj be proper to make an eifential 
not difcufs the Jiftinclion. The aflerlion is as follows; The par tides (I' 

only i^n- roMcA each other ; or in other terms, there is no 
fifts that expan- ipmcAioie conlad between the dementar^ parts of bodies. Now^, 

traabn prove with propriety, 1 do not at all intend to deny this 

nothing. aflertion, neither do I propofe to eftablidi if. All that I 

intend to do is, to Ihew that it is not legitimately concluded 


* See Lambert’s Tranflation, Vol. I. p. 2. 
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from the principle whence it has been deduced ; namely, • 

the diminution of volume which accompanici; deprefBons ot' ' 

temperature. Now I fay that this diminution does not at all 

prove that the elements of bodies have no immediate contact, 

and confequently that this laA aflertion is fo i'ar gratuitous. 

And this is the whole of what I delign to prove. 

If it be true that there are numerous conceptions and ex-Wc cm cafily 

1 

ainples which are evident and eafv to be given, of bodies*;'’”*^*?'® cjtpjn- 
* . . . n m i/vithnut cei» 

lubjecl to dilation and condenfation without their parts ceafiiigrition uf con- 
lo be,,in immediate coii!aft, it muft neceflTarily be concluded, 
that dilation and condenfation can afford no proof in this re- 
fpeft. For why (lunitd we refufe to admit forne of thefc con¬ 
ceptions, or to apply iotne of thefje examples to the cafe oi 
the elements ? 

1, Conceive the p«)»ticlcs to be elongated and united by i. Inftancetthe 

tlieir extremities, like the legs of a pair of rompaffes: and 

® . . * . * *U/iy oprn and 

they may turn with regard to this point of union, as a centre, 
and pioduce condcn/alions and dilations of the whole apparent 
inafs of the body fuccellively. 

2, A dry fponge, or fruit, or mucofity, being plunged in 2 . Sponge, &c. 
Water, will dilate \\'i(hoiit any cefTation of the fenfible con- 

^ , . /• . 1. I . 01 Cll- 

tact; and on the contrary, the lame bodies, when wetted,Uigcd. 
if expofed to become dry, will undergo condenfation. 

3, The example ol the dilatation of ice and lome metals bv ■!. I^xpanfion in 
cryfiallization, an example formally remarked, Ihidied, 

well explained, parlieiilarly h\ the latter of the Iw'o learned 
fliemifts I have cited, mull thew the falfity of the allertion 
which I relule. 

Upon reading the w'orlt of Berthollet, and taking notes of 
fuch things as 1 was defirous of retaining,^ or c oncerning which 
I faw' rc-afon to doubt, 1 wrote what is here trahferibed, i. c, 
the fummary indication of the three conceptions, or examples, 
proper to elucidate this fubjeft- * 

•I ^ad no intention of fubinilling my remark to its natural Similar remarks 
judges, when five or fix weeks afterwards, being employed 
in a very different occupation, I found in the papers of a 
learned * philofopher. which were enlrufled to me at his 

death, 


* George Louis Lefage, CoiTefpondcnt of the Academy of Sci¬ 
ences of Paris, afttiwaids Corref^ ondcnl of the National Inftitutc, 

Membur 
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death, a card which contained the fame remarkf but in a 
more abridged form, and by iimple indication. As it offers 
a variety of examples and conceptions of the fame nature as 
tliofe which I have given, though neverthelefs different, I 
ihall here give them verbatim: 

Note qf G. Z. Lefage. 

'' Methods of (hewing that this confequence does not 
follow : 

Ixpanfion sad I, Four fingers of one hand introduced more or lefs bo- 
1 . Of “ilervals of the fingers of the other hand, 

a. Combs, &c. 2. The fame with a couple of brufhes, or cards, or 

combs. 

3 . Cotton, &c. “ **5. Carded cotton, or hair, and foap lather. 

4. Snow, " 4. Snow. 

5 . OfeilUtion. “ 5. Agitation or ofcillation, which renders the fame par¬ 

ticles alternately contiguous and feparatc more than a thoufand 
times per minute.” 
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Conclufion. The perufal of this note determined me to publifli mine; 

not only bccaufe 1 found myfclf authorized by this coinci¬ 
dence, but alfo to render a firft homage to llie memory of a 
philofoplicr no lefs modefi than ingenious, and to begin in 
fotne refpedt to execute his will, by publifinng at lead one of 
his notes without making any change. Tiie lad conception 
offered in this laft fiiort note, will piobably induce feme phi- 
lofophers to refleft again upon this fubjc£t, and may perhaps 
lead them towards tJie opinions of the wiiter* 

l 

I 

Member of tliie Royal Society of London, and of feveral other 
learned Societies, died at Geneva, the 28th Brumaire, in the year 
XII. (Nov. 19, 1803). His principal writings have not yet been 
publi/hcd. 1 (hall foon give a (hort notice, as well as Tome dVta^s 
of his literary life, proper to facilitate the perufal of his works, and 
eftablilh their originality. P. 
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Account qf a Memoir on chamoying of Leather. 

By Seguin. * 

M . SEGUIN, who has already publiflied feveral intercfl- 
ing works on the arts, relating to the [^reparation of 
has lately read to (he Inflitute a fir/l memoir on chamuying, 
from which we Hiall give an exlra6l. 

The autlior fiales, that the art of chamoying confifis in dif. MechanitAl 
pofing the tkins to receive tlic oil j in imprcgnaiing them wiili 
it by diflcrcnt operation's, of which Jie pri>habl> referves th(^ 
details for a fccond memoir ; in liien raiding llicm to undergo 
a fpecies of fermentation; in expofing them to the air; and, 
laftly, in taking from them, by means ol potafti, the c^cefs 
of oil whicli is ufelcfs to tlu ni. 

He afUTwaids patios to llie chemical examination of a elia* 
inoyed flvin. 

He found that this fkin did not undergo any niteiation by Clieml.-.i! rxa 
a long boiling in waler; hut that, it any acid u hntever ch-- 

" " - . . , . ^ . IU'«>cd IwHmcii. 

added (M. Seguin made ufo cd (ulphuric acid), the Ikon clil- 

appeared entirely ; that a certain quantify ol a roiicrclc oil 

fwam on the furface of the liquid ; that the liquor i'ontaincd 

gelatin^; and that, by its evajKualion, it depotited ci^flals 

of fiilphate of potalli. He allb alccrtained, that on pouring Gdatmc pom-ed 

gelatine into a lolulion r>f foap, an inloiubit' jirerlpitate is ob- 

tallied, which, treated wilii an acid, coinpoits itlelf cxaclly prt'cipptatc whxh 

like a charnoyed tkm. a dia- 

Tiiefe refults, and the confidcrations tq which the cxp(»fi- 
lion of the principal operations of chamoying hav^ given rife, pciues. 
induced M. Seguin to conclude that the ikins, in the lerrnen- Theoryof the 
tation which they undergo, yield d part of their oxigen to the 
oil;'lhal the polafli employed to cleanie them, forms a loap 
with the oxigenaled oil; lha( one part of this foap, by com¬ 
bining with the difoxigenated Ikin, produces the infolubic 
fubftance which makes the (kin charnoyed; and that the other 
part ferves to conliltulc that greafe which remains in the 
leather. 


pro« 


^ From Bulletin dcs Sciences, Tom, 111. p. C09. 
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XIQUOJl FOR RENDERING STUFFS WATER-FROOF* 

This work is the more interefting, becaufe hitherUj no one 
has confidered chamoying in a chemical view^ and becaufe 
Ihe analyfis to which M. Scguin has fubmitled his refulls, 
renders it fufceptible of acquiring that perfeflion which the 
difcoveries of this chcmifl have already given to the art of the 
tanner. 



Phyfical charac¬ 
ters of a liquor 
for rendering 
ftuOs impel me* 
able to water* 


Chemical eza* 
m.nation* 

A turbid part Is 
Separated by re¬ 
peated iiltiation. 


Analyfis and Decompnfitimi of a Liquor emplo;yfd to render Sluff^t 
impermeable to lVatu\ By M, VAUciutLiN. * 

It is known that, for fome years, different perfons have 
been (uccefsfully employed in rendering Huff’s impermeable to 
water, an ohjeft of great importance in the clothing of foldiers 
and Tailors. 

The inventors of this procefs have hifnerto kept the means 
they make ule of fecrel: there was only reafon to fuppofe 
tliat fome fat oil was the bafis of their receipts, but experi¬ 
ment has not yet developed it. 

A bottle of this preparation, of w’hicli the efficacy w^as known, 
having accidentally come into my hand't, gave me a deffre to 
invefligate its compofilion; but before Hating the p'an which 
I followed with this view, I fhall dtferibe its pli>flcj^l pro¬ 
perties. 

It is a white liquor, milky and opake, of a hitter taffe, and 
fmelling like foap; on its tuiface there is a t])eries of cieam 
rcfembling that of milk, and it ftrongly reddens the tinfiiire 
of turnfoie. From ihtTe properties I thought it was iimply a 
foluiion of of w'hicii it tlill retained tlie fincil and laffc, 

whicii Imd been decompofed by an acid; but fiibreqiient 
experiments foon convinced me that there was fomeihing 
more in it. ' ** 

Firfi Experiment, —To find vvhellicr I could feparate the 
white matter which rendered the liquid turbid, by filtration, 
I pat a certain quantity of it on bibulous paper: it paffed tur¬ 
bid and milky for a long time, but, by returning it feveral 
times on the fame tiller, 1 fucceeded in obtaining it as clear 


* Fiom Bulletin dcs Sciences, Tom. 111. p. 210. 
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as watqr; and I afterwards examined the liquor, and the 
matter which remained on the filter, feparately. 

Second Experiment ,—If niy conjeciure was well founded, 

1 (hould only find in this liquor thebafe of a foap uniled to an 
arid, of which there was a ruperabundanre. M> iirfi care Conra'ms fuN 
was to fatisfy nnfelf of the nature of this acid, and that which 
its tafle had alrearly indicated to me, was confirmed by mu¬ 
riate of bar}trs producing in it an abundant precipitate, iii- 
folnble in nitric arid : tlius 1 was ronvinred that the liquor 
contained fulphuric arid ; but, on the other hand, ammonia Ammonia foim* 
having produced in this liquor a white, flocculent, f*^*”*" 
tranfparent precipitate, I faw that it contained fonictiiing 
more than the fait rclulting from iheMecompofilion of fuap. 

Third Experiment ,—I then precipitated a certain quantity 

of this liquor; I wafiied the precipitate and dried it: as it 

had all the pli^fical charaflers of alumine, I combined it widi 

fulphuric acid ; 1 added to it a little fulphate of polaOi, and, 

by a (low evaporation, obtained Tome very fine alum. We Containiilu- 

have therefore already found in this liquor alumine and ful- probabtjr 

^ in the UaCe of 

phuric acid, doubtlefs combined in the fiate of alum. alum $ 

Fourth Experiment ,—It w^as now requifite to know» whether 
the litjLior from wiiich 1 had feparated the alumine, did not 
Hill contain fomc other fubfiance, and 1 therefore fubmitted 
it to fome trials by the re-agents, among which the oxigen- 
ated muriatic acid and the infufion of nut-galls enabled me 
to difeuver a new body ; the firfl rendered the liquor turbid, and alfo an ani- 
and foon afterwards produced white flakes in it; the fecond '"*1 
produced yellow i(h-white flakes, in much greater abundance 
than thofe arifing from (he effedl of the muriatic acid ; whence 
I fufpeAed that, bcfidcs the matters meafioned above, this 
liquor contained an animal matter, and more parlicularlj ge- 
}aline, 

Fifih^Experiment .—To be better falisfied of the nature of 
this*irubftance, I evaporated the liquor to drynefs, by means 
of a gentle heat; I obtained a yellowifh fait, of a bitter lafte, 
which, by being re-diffolved in water, left a voluminous 
yellow matter, in the form of flakes, very glutinous, and ac¬ 
quiring, by drying, a fort of elafticity. This fubflance, 
placed on burning coals, fwells and exhales white fumes, 
w^ich have the odour of ammonia and fetid oil, fuch as are 
generally given by animal matters. 


dh!ch is ^cia- 

tioe* 
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'Examination of 
the fat fub- 
fiance j 


I no longer doubted that a certain quantity of anifnal ge^ 
latine had been put into this compofition, with the intention 
of giving greater vifeofity to the liquor, and enabling it to 
fupport, for a longer lime and more effedtively, the parts of 
the oil in furpenhon. It is probably by heat and by a com-* 
menccmenl of dccompofilion, that the animal gelatine had be¬ 
come infuluble in water; but I perceived (hat the liquor con¬ 
taining the fait alfo held fomc of it in folution, for the muri* 
atic acid and inf'ufion of galls flill formed precipitates in it^ 
only lefs abundant than the firQ time. 

Sijtih Erptn'?ncrit. —In this experiment I endeavoured to 
learn the nature of the fat fubflance retained in the filter, and 
of which I have fpoken above: my intention was principally 
to difi'over whether it held fomc other fubfiance in combi¬ 
nation. 

For this piirpofe I burned it with the filter in a platina cru¬ 
cible; it exhaled a vapour fimilar (othat of tallow or the oils; 
it left fomc aflies, of which the filter had furniflied a part: I 
found a fmall quantity of alumine in them, which could only 
proceed from (he oil, for the bibulous paj>cr did not contain 
an atom. 1 am alfo of opinion, that, in addition to the alu- 
rainc, this oil contained a fmall quantity of animal matter, 
but I cannot pofitively affert it. 

Thus, notwithfianding the excefs of acid which exifled in 
fome aluminc m liquor, the oil in precipitating carried with it, and re¬ 
tained in combination, fome alumine, and probably feme ani¬ 
mal gelatine. 

It is a combina- Hcnce the fubfiancc which, ])y unitii'g with fluffs, ren- 

tion of oil, 3ju -iifipcrmeable to water, U not the oil alone, but a 
mine, and am- , ■ . i * , 

nut gelatine; combinatiot\ of this*fubftance with the atunn'ne, and probably 

with tht; animal gelatine, which renders this property more 
durable. ^ *■ 

and yields a little Seventh Experiment ,—The liquor which I had fucct^-Ti^cly 

alumine, and, in part, of tlie animal 
matter, by the different proccfFcs mentioned above, gave me, 
by a flow evaporation, cryflals of a fait compofed of foda and 
fulphatc of potafh. 

Eighth Experiment ,—I made a belter analyfis of this liquor 
by another procefs, which I (hall detail very briefly. 

1 precipitated the alumine and the oil by lime-water; I 
colledted, waflied, and calcined the precipitate: that which 
remained in the crucible was alumiae and lime. 

4 The 


which retained 


Another ana 
lylis. 
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Thevliquor, from which thefe matters had been feparated, ^ 
evaporated to a certain degree, yielded fulphale oF lime, a 
certain quantity of animal matter, become infoluLle by the 
defic'cation of the liquor, and, finally, fulphate of foda and 
potafli, containing alfo animal gelatine, foluble in water. 

The following is the manner in which I conceive this liquor Mannerof pre« 
was prepared, xvith the exception of the proportiom: Soap and the li- 
glue, or any other gelatine, was diflblved in water; a fulu-*^'*'*^" 
tion of alum was mixed with the folution of tlicfu fubflances, 
which; by its decompofilion, formed in the mixture a floccu- 
lenl precipitate, compofed of oil, alumine, and animal mat¬ 
ter; afterwards fome dilute fulphuric acid was added, to 
redi/ToIve (he alumine in part, td render the precipitate 
lighter, and to prevent it from falling; but the alumine 
being once combined with the oil and animal matter, will 
not dilTolve again entirely in the fulphuric acid, which is the 
reafon why the oil cpntinues to be very opake, and neither 
rifes nor precipitates; it will be underflood, that too much 
fulphuric acid is not to be added. I do not know if this is 
precifely the manner in which it is made; I only know, that 
by following this procefs, I fucceeded in compofing a liquor 
exactly refcmbling it, and which potrefled the fame pro¬ 
perties. 


X. 

Nej> Erperimcnls on Ahforption by Charcoal^ wade hy Means of 
a new Machine^ By C. L. Moko^zo.* 

1. In the fccond memoir which I publifhed on charcoal, in Firft notice of 
J783,t I mentioned my intention of employing its property ot^^® invention, 
abforb^g the gafes, to form a good eudiometer. I immedi¬ 
ately fet about the conflrmSlion of an inflrument with which 1 
made fome experiments; but the agitation of the times obliged 
me to abandon my purfuits: a philofopher, however, to whom 
I had fhown this inflrument, look the liberty of publifhing it, 
notwilhflanding its imperfeftions, and without naming the 

• From the Journal de Phyfiquc, Floreal, An. XII. 
f Journal dc Phyfique, p.37C. 

, auiliLr. 
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the inltrument* 
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author*. Let u$ pafs over thefe unpleafant eYenfs as is^ellas 
the alterations corre6lions which 1 made to bring the in- 
flrument to its prefenl (late: the defcription which follows^ and 
the figure will be fufficient to (liow what it now is. 

Defcription nf the fnftrument, (Plate XIV.) 

II. AB is a tube of clear glafs, three lines and a half in 
diameter and eighteen inches high: to this tube a (lop-cock C 
is fixed, to (hilt the communication, by means of the key D, 
fo that the tube may be filled with water or mercury, and the 
gas to be examined may be afterwards pafifed in. To ihis (lop- 
cock C a large one E is foldered, an inch and a hall in dia¬ 
meter, and almoft three inches long. The handle F F ferves 
to turn the key of the (lop-cock E; this key has a hole, one 
inch and three lines in depth, and feven lines in diameter, 
(Fig> 2.) in which the charcoal is placed. This key isperfefliy 
light, and, when turned, communicates with the cock C, F7g. 
3, not perraitling the paffage of any air whatever. The large 
flop-cock is enclofed in a wooden frame, and well fecured by 
means of ilie nut H, which confines the lower end of the (lop- 
cock £ behind the board; the lower extremity of the tube dips 
into a veflel of mercury 11; the board M M keeps the inftru- 
iiient perpendicular; N N are pads which ferve to raife the cup 
filled with mercury; O O is a Icale mounted on a ilij) of vi^ood, 
which is graduated to inches and lines. The endlefs ferew P 
ferves to raife or lower this fcale, to bring it lo the level of the 
mercury in the cap. 

III. After having ufed the infirument for fome time, it is 
neceflTary to unferew the keys to clean them, for, by ufe, duft, 
charcoal, or a(hes ivill get in, which deranges the inilrument, 
and futfers a*ir to pafs. 

IV. Prom feveral experiments, I found that the (lop-cock^ 
D C, which is attached to the cryfial lube (hould be of fleel, 
for on examining the refidual air, or filling the tube with iSer- 
cury to examine any gas, the mercury will at length attack the 
copper. 

* The author does not name the perfon here alhided to; and in 
a note he gives a defcription of this firft imperfeft inftrument, re¬ 
ferring to the figure fo pubhfiied. This is omitted, becaufe of little 
utility and not intelligible without that figure. N. 

V. I 
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V. J alfo think it right to propofe a roall alteration i it if 
that the extremity of the tube which is plunged into the bowl 
of mercury, fliould be a little more bent, that the refidmd gas 
may be transferred with greater cafe: this flight variation^ 
however, is not at all injurious to the indrument, becaufe the 
heights are roeafured by that of the mercury, the level of which 
is indicated by thefcale prepared for tbatpurpofe; itsgreatell 
inconvenience will be to make a larger and more cylindrical 
bowl necefTary. 

VI, - This machine was made by J. B. Piana, a very ikilful **** 

mechanic; he condruSed it with fuch accuracy, that it pre* 

ferved the mod perfedt vacuum for eight days, which is what 
I am unacquainted with in pneumatic machines« 


Manner qf ufittg tht IfyirUment, 

VII. Suppofe I am defirous of examining the abforption MethoSo# 
efTcfted in atmofpheric air by charcoal. The tube A B is filled 
with the atmofperic air of the place in which the machine is; 
the dop-cock Dis open, the upper one is clofed: I place the 
cup of mercury under the tube, into which 1 infert a fmall 
glafs fyphoni to caufc the air to take the level of the mercury. 

If I make ufe of a gas, I pump out (he internal gas of the tube 
with a giafs Tyringc, to bring the level within the tube to that 
of the exterior mercury in the bowl. Afterwardsp by means 
of tl)e ferew P, I move the fcale till its zero is alfb at tbe 
level of the mercury, 

1 make a piece of charcoal, weighing, half a dram or thirty- 
fix grains, red-hot, and with longs place it in tbe cavity G of 
the large dop-cock; I then turn the handle F F, and in a few 
minutes the mercury will be feen to afceni^tnore or lefs in the 
tube, according as the air is more or lefs pure. * 

If it is wiihed to examine other gafea, or atroofjfheric aif 
brought from another place, thcnicloie the key D> and fill the 
iulM A B with water; afterwards difplace the water with the 
gasf in the common way by means of a transferrer; bring it 
to tbe merenry, and, by means of bibulous paper, abforb the 
water perfe61ly ; then wipe (he outfide of the tube carefully 
with warm flannel* and leave the indrument at red for two 
hours: or otherwife make ufe of a mercurial apparatus, which 
is preferable. 


Voi. IX.—Dccsmbsr* 169^. 
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Incmventencet qf the InfirumenU 

loconveniences* Vlll. Nolhing is more certain than the property pofTefled 

by charcoal of abforbing a more or lefs confiderable quantity 
of gas, and of atmofpheric air; the experiments which I have 
publithed are a complete demonftration of it; but I then made 
life of white glafs tubes, hermetically fealed at the upper ex* 
Iremity, and palTed the diarcoal under the mercury, by which 
its interAices were filled with that fluid. At prefenti on en¬ 
deavouring to make comparative experiments with my new 
machine, which I was defirousfliouldbe a perfect eudiometer, 
1 found that the cavity G. in which I placed the charcoal, and 
the fmall fpace between the two keys of the fiop^cock, con¬ 
tained air; that by the beat of tlie charcoal (his air was di¬ 
lated, and partly expelled, and that confequently, on opening 
the key of the flop-cock, a fmall abforpLion was occafloned 
by the vacuum thus made, and the mercury then rofe. To 
convince myfelt^ and to difeover at what quantity this abforp- 
tion might be calculated, the apparatus being arranged as for 
other experiments, inflead of charcoal I introduced a piece of 
red-hot pumicc-flone (i gave the preference to this fubflance, 
becaufe I was certain tiiat it had not the property of abforbing 
the air, and alfo that it would not take a greater heat than 
charcoal): on turning the key an abforption of an inch took 
place, and from feveral experiments, I am convinced that this 
quantity is Uniterm within half a line* 


CotrcQion of the hfirtment, 

Corre£ti(m of IX, From the experiment made with the pumice-flone, Uis 
(be mftrumenu obvious that* if an inch is dedufied frpm the total abforption, 

the real Abforption produced by the charcoal will be obtained, 

' Befldes, in comparative experiments this imperfection caufes^ 

no error; becaufe as they are all conducted in equal cIrcBm* 
fiances, the variations produced, either by the diflerent gafes, 
or by the different quality of the charcoal made ufe of, will be 
always proportional, 

. X. With this inflrument I made feveral experiments which 
I ilwll now relate, 

Oiii^r'of the ex- XI. I began by examining the aCtion of charcoal when cold, 

and afterwards at a low heat; I then examined the abforption 


fcrimcnts. 
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by cfiarcoal expofed, for a greater or lefa length of Ume« toibe • 
light of the fun; this enabled me to afcertain the quantity of 
light and caloric which enter into the charcoal. 

XII. The experiments on atmofpheric air, which is more ot 
lefs abforbed according to its purity^ follow next. 

XIII. After thefe are the experiments on different gafes, 

XIV. Oxigen gas gave me very Angular refults, diame¬ 
trically oppofite to Ihofe I had obtained in tubes hermetically 
fealed, and when I paffed the charcoal through tlie mercury, 
which deranged me greatly in the confequences I deduced 
from it. 

XV. After this article will follow fome confiderations on 
the quality of (he charcoals made ufe of, which prove that their 
property of abforbing is different according to their different 
qualities. 

XVI. I afterwards Ihow that my inftrument may beufed in 
many cafesi if inflead of mercury, coloured water is employed, 
but with requifite modifications. 

XVn. The charcoals which had been employed in the ex¬ 
periments all acquired a greater weight: 1 endeavoured to 
extraft (he air which they had abforbed. 

XVIII. I alfo mention the trials which may be made by 
faiurating the charcoal with different fubflances, having only 
made four experiments. 

XIX. 1 then proceed to the concluiion, in which I endea¬ 
vour to give the explanation of thefe experiments. The opi¬ 
nion which 1 had adopted in the fecond memoir, receives ad¬ 
ditional confirmation from it; but the refults of the experi- 
meuls I made on oxigen gas having changed the ideas I had 
formed, 1 am not willing to hazard an explanation at prefent. 

Philufophers will therefore be contented with having new facts 
and new experiments. . 

, jPbe experiments which I detail were repeated feveral times, 
and their accuracy may be depended on, as 1 can affure my 
readers, that 1 have always confidered truth as (he brightefl 
ornament of a philofopher. 

Experiments made mth my riew Jnjlrumcru, 

Ift. The charcoal which I generally employed was that of£jcperimeats 
beech-wood; the weight of the pieces half a dram, that is 
fay, Ihlrly-fix grains. 

* S2 
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On charcoal 
heated without 
the contaA oi 
Bre* 


2cl.Tbe tube of my glafs was eighteen inches long* fromMhe 
bottom of the key to the furface of the mercury, the level of 
which is indicated by the moveable fcale* The diameter of 
the tube is three lines and a half: it contains one ounce and 
feven drams — five grains of water, or a volume of almof- 
pbcric air of four grains and a half at a temperature of +10^« 

3d. Being defirous of throwing a light upon the property 
pofTefled by charcoal of abforbing a part of the atmof'pheric 
air, as well as of feveral gafes, by means of my new inllru- 
inent, I made a great number of experiments, which I (hall 
now deferibc. 

4th. Charcoal, when cold, lias the property or abforbing 
fume fmall portions of atmolpheric air, and this abforplion, al¬ 
though very How, is not complete in lefs than twenty-four 
hours. 

5th, Wifhing to try whether charcoal to which heat had 
been communicated without direct expofuretto fire, would tliow 
any abforbent power, 1 placed a piece in a fmall malrafs, 
which 1 inimerfed in boiling water for an hour; having ailer- 
wards put the charcoal into the machine, I obtained an ab¬ 
forplion of about three inches. 

61h. 1 boiled oil, in which I left the matrafs for an hour; 
an experiment with this charcoal gave an abforption of three 
inches two lines. 


7th A fmall matrafs containing a piece of charcoal was im* 
merfed for an hour in boiling alkaline lixivium : it gave an 
abforption of three inches three lines nearly. 

Thcfe three experiments (how that heat communicated to 
charcoali even without the contadi of fire, gives it the pro¬ 
perty of abforbing a larger portion of air. 
andexpofedto 3th. The preceding experiments induced me to examine 
the folar light, whether the light of the fun would communicate the fame 

property to charcoal, 1 therefore expofed different piecej 
this light, in a while porcelain bowl, and the abforptions were 
proportionate to the times which the pieces were expofed to 
(he light of (he fun 


« At the infiant of putting a piece of charcoal into the machine, 
1 placed another which had been expofed with the reft to the fun for 
three hours, on the bulb of a thermometers it only raifed one de¬ 
gree and a half of Reaumur's fcale: the beat therefore was not 
very confiderable. 

* 
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After two hours the charcoal abforbed one inch two lines. * 

After three hours, one inch eight lines. 

After five hours, two inches. 

After feven hours, three inches nearly. 

It is difficult to obtain very prccife refults, becaufe the heat Tl 
of the fun is greatly varied, according to the wind; but in 
this cafe it is light as light which unites with the charcoal, for 
in very cold days when the thermometer in the (hade was at— 

6^, I (till obtained an abforplion 

9th. Being defirous of afcerlaining whether this abforbent 
property belonged to charcoal exclulively, I tried feveral other 
bodies, which there was reafon believe contained a gieat 
deal of the matter of fire. 

I0th« I took a finaU cylinder of loaf fugar, cold; it did not Exprvimeiiti on 
produce the fmailefl aplorptlon. lugar, 

A iimilar piece, which I had heated in a matrafs with boil¬ 
ing water, gave an abforption of between two and three lines. 

A piece of fugar which had been expofed to (he fun for two 
hours alfogave an abforption of between two and three lines. 

nth. I (ben proceeded to the examination of fulphur and on fulphur, 
fealing wax. 

A cylinder of fulphur of the fame W'cight gave no abforp¬ 
tion when cold. 

A (imilur cylinder, which had been expofed four hours to the 
light of the fun, gave an abrurplion of about three lines. 

A piece of cold fealing wax did not give the lead abforption, md on fealing. 
and a fimilar piece which had been two hours in the fun, gave^^* 
an abforplion of about two lines. 

12 th. All thefe fmall abforptiuns which were oblerved as 
well in the fugar as in the fulphur and fealing Wax, were only 
owing to the ilight heat of thefe bodies, which pxDduces a di¬ 
latation in the air of the cavity, and a difplacing of that por. 
lion of the air which is tilled by the folid body; for a piece of 
pumice done, of cork, or of any other body, produces the 

* It would be inteiefting to examine theabforptions which might 
be produced by different pieces of charcoal which had been in the 
light of the fun tranfniitted through coloured glades, or by making 
the different coloured rays fall on the charcoal by means of apridn, 
and to obferve whether the piece expoied to the red ray would abforh 
more or lefs than that which had received the violet ray, and ib of 
the others. 
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ChM^abnr 
poff^ed of thii 
Bbforbent pro* 


perty. 


fame effed* It is therefore in charcoal alone that this absorb¬ 
ent property refides, and it is developed to the higheft degree 
by heat and light. 
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Experiments on Atmojpheric Air, 

13lfa. I then proceeded to examine the efie^s of incandef* 
cent charcoal on atmofpheric air, in my inflrument, and I re¬ 
peated the experiments feveral times: the air of my garden 
was conftanlly lefs abforbed than that of my bed-room, an hour 
after the windows had been .opened, and this was lefs abforbed 
than that of my bed-room in tiie morning before opening the 
windows: the abforptions were, 

The air of the garden, feven inches fix lines. 

The air of the room after the window had been open, eight 
inches one line. 

The air of the room, in which it had not been renovated. 


Former experi¬ 
ments. 


Air of a privy. 


eight inches fix lines. » 

14th. In the experiments which I made in the year 1783, 
with tubes twelve inches in height, and one inch in diameter. 
I pafled the charcoal through the mercury; the abforption of 
the atmofpheric air was then always about three inches and 
fix lines, that is to fay, a little more than one fourth : in this 
cafe it is uniformly greater and about one third. Probably the 
mercury filled many of the interfiices of the charcoal when it 
was puffed through it, which might prevent this greater ab¬ 
forption. 

15th. I afterwards examined the air of a privy, which was 
taken into the fyringe feven toifes above the fewer. 

The abforption was eight inches, that is to fay, nearly equal 
to that of my ^oom. This did not furprixe me, becuufe in 
thofe compofitions which contain azote, this gas is not mnch 
abforbed, as we (hallprefently fee: befides, Mr. White with 
an eudiometer of nitrous gas alfo found that the air of a prat^y,, 
gave him an abfoption equal to (hat of common air 


Experi7nents on the Gafes, 


Experiments 
the gafes. 


on ]f)th. After having examined the atmofpheric air, I pro¬ 
ceeded to the examination of carbonic acid gas: I filled the 


* See Journal dePhyfique, Tom XVIII. p. 145, and the reflec¬ 
tions cf Guyton Morveau in his excellent treatife on the means of 
difinfeAing the air, 

tubr* 



GASES ABSORBED BY CHARCOAL. 

tube v9iih this gas, which 1 had extra£led from powdcErediQsr- Cvhsnic 
ble by vitriolic acid. I placed the incaDdefcenl charcoal in 
machine which effeSed an abforption of fixteen incites fix lines, 
that is to fay, of eleven twelfths of the capacity. This ex¬ 
periment correfponds exa£tly with that which I made with the 
tube of twelve inches in height, and one inch in diameter, and 
in which the charcoal was pafied through the mercury: tiie 
abforption in that cafe was eleven inches. 

17th. I afterwards examined the eSeQ. produced.on the fame 
gas by a piece of charcoal which had remained five hours in 
the folar light. Itcaufed an abforption of ten inches and three 
lines, which furprized me greatly. 

ISlh. But to afcertain whether'charcoal has any peculiar 
affinity with carbonic acid gas, 1 tried this gas by placing a 
piece of cold charcoal in the machine, and the abforption was 
nine inches fix lines. 

19lh. To difcover^lhc of carbonic acid gas when mixed A mixture of 

with almufpheric air, I filled the lube, which is eighteen inches 
high, with nine inches of carbonic acid gas, and nine inches pheric ur. 
of the air of my room with the windows open : (he charcoal 
efifcdlcd an abforption of twelve inches and three lines. 

On analyling this experiment, it agrees perfectly with thole 
related above, for 

The aLfurption of the air of my room was 8 inches 1 line. 

- --— of the carbonic acid gas 16 6 

Tolal 24. 7 

The half of this is twelve inches three lines and a half, 
within half a line of the abforption obtained. 

20 th. I afterwards tried the aflion of .Charcoal in hidrogen Hidrogen gtt, 
gas, obtained from iron by fulphuric acid, and 'the abfoptioii ^ 
was three inches and one line: it was accompliQied'in five or 
fix minutes, and flopped at that height: the effefl obferved 
ill* my machine did not furprize me, for I had noticed in ray 
firfl memoir, that of all the aeriform fluids, hidrogen gas was 
abforbed the leaft. There is a pertefl corrcfpondcnce between 
this experiment, and that which I made in the year 1783, in 
cryflal tubes of one inch in diameter and twelve in height: the 
abforption was then two inches and one line, that is to fay, one 
fixtii of the height; in my new machine, the tube of which is 
eighteen inches long, the abforption was three inches and one 
line, which is alfo the lixlh of the capacity. 
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On frying the fame hidrogen gas with a piece of*char« 
coal which hiri bm kept about four hours in the bright fular 
light, I had only an abTorption of fix lines. 

22d. I next proceeded tu the examination of azote gas. I 
began by examining that obtained from atmofpheric air, in 
which a candle was extinguiihed. 

Tbeabforption was fix inches, 

23d, I examined that obtained by thecombuftion of fulphur, 
and had an abforption of feven inches and three lines: it is to 
be obfereed that this gas always contains fulphureous acid, and 
for that reafon more of it was abforbed. 

A fecond experiment with the charcoal gave me feven inches 
and two lines. 

I afterwards tried the azote gas obtained from atmofpheric 
air in which I had extinguiihed a large piece of charcoal under 
a bell; the abforption was feven inches fix lines; but this gas 
always contains a little carbonic acid, and ‘jonrequently there is 
a larger abforption. 

24th. To be fure of having the pureft azote gas without 
mixture, I took the gas obtained by decompofing nitrous acid 
by means of hidrogen gas, which laft gas had been obtained 
from the decompofition of water by iron. 

The abforption was only fix inches and one line. 

We have not yet very corred ideas with refpe6t to azote : 
it appeared to me, however, in feveral of the experiments 
which I made with atmofpheric air, that when it is united 
with aqueous vapour, more of it is ablorbed than when in a 
dry ftate, Befides it is evident that the azote gas is not much 
abforbed, vvhich correfponds with my firft experiments, 

a 

• (The Conolvfion in our next,) 


XI. 


On tbt Commerce of Hens Eggs^ and on their Prefervaiion, By 

M. Pakmentiek *. 

There are very confiderable differences in the eggs of 
hens in refpefi to fize. Some are us large as the eggs of ducks, 
while others refemble Ihofe of pigeons. M, Farmenlier, from 


* From Bulletin des Sciences, Tom. III. p. 214. 
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obfervations on a great number of hens of Hlffcretit breedSi > ^ 

which he reared in the fame place, has found that the bulk of 
the eggs depends much more on the breed of (he ben than on 
(he quantity of nourifhraent. Thofe breeds which give the 
larged eggs are not however to be preferred on that accounti 
becaufe with them as much may be loft in the quantity of eggs 
as is gained by their fize. Of all the breeds known in France 
the author gives the preference, with refpefl to the produce of 
to that which is called the common hen, and which is 
only common becaufe its merit is known. Thofe which have 
black legs are in greater efteem than thofe with yellow ones. 

From comparative experiments^ continued for a year, M. 

Parmentier found that though the eggs of this bpeed were not 
fo large as Tome others, yet every tiling befides being equal 
they produced at lead one half more* 

Next to (his breed of hens comes (he crefted hen and (he Superior bicedi. 
large Flemifti hen. » The one is more delicate eating, becaufe 
laying lefs than the common hen, it grows fatter; the other, 
without being more prodiiAive, is preferable for railing chick¬ 
ens. They*7/fy hen (poulc deJhit) fo beautiful in its form and 
in the finenefi of its plumage, fo careful inlaying, foaftiduoiis 
in fetting, fo tender of its chicks, might be recommended, but 
unfortunately two of its eggs are not worth one common egg. 

This circiimnanco places it among thofe which mud be left for 
the curious. 

After the choice of the breeds, care mud be taken that the Management of 
hens are neither fed too abundantly nor too fparingly ; that they **** hena. 
do nut wet their feet, that they are fudiciently clofe in the rood 
to heat and electrify each other; and, t|)at they meet with a 
little warm dung in the day time. * . 

Wiicn the only objefl in keeping hens is to pre/cure eggs, 
and thus turn to profit the grain .which remains among thechntf 
andMn (he dung-hills, it is wholly ufelefs to keep cocks at the 
fame time, becaule experience has fliown that hens deprived 
of the male do not lay lefs than thofe which have it. The 
faving by this is not the only nor the greated advantage. The 
unfecundated eggs keep much better than thofe which are fe- Unfecundated 
cundated. It has been found by experiment tliat they can fup- 'EB® huWc 
portaheatof 32*^ (87®F.) for thirty or forty days without experi¬ 
encing any change. It is therefore evident that the evapora¬ 
tion of the liquors is not, as Reaumur thought, the immediate 

I vaule 
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* , caufe of the putrid change in eggs, and that to preferve them, 

it is not iuHicient to cover them with greafe or oil, as this 
learned man recommends, fince in the experiment mentioned 
above the unfecundated eggs did not fpuili though thej loft 
cc^fiderably by evaporation. The fecundation, by the prin¬ 
ciple of life which it communicates to the germ, expofes the 
eggs to many accidents which do not take place with Ihofe in 
which the male has had no lharc. 

Caufes of the M. Parmentier particularizes Come of thefe accidents. Some 
fpoiling of eggs, gf gjjfe jhe commencement of the developemeni of 

the germ. Sometimes it is enough if feveral hens lay their 
eggs in the fame neft; for the egg which is (iril laid in it, par¬ 
taking in faQceflion, and for fome hours, of the heat of the 
hens which follow each other, undergoes a fpecies of incuba¬ 
tion which excites the vitality of the germ, and this egg be¬ 
comes ciranged, though it is but recently laid. It is thus that 
eggs of the fame age appear frequently to/liiFor in their frefli- 
nefs. At other limes the change in the egg may arife from 
the fecundating germ being killed, either by thunder, or in 
the conveyance, by the jolting of the carriage or tite rolling of 
the veflel, or by the lapfe of time. When the germ is once 
dead it corrupts;, and communicates the corruption to that 
Utility of im- which furrounds it. This theory appears to explain one me- 
merftng iheeggs j made ufe of fuccefifully for preferving eggs even wlien 

ia boiUng water, • it confirts in plunging them for a couple of fe* 

condsinto boiling water. It is known that by this means they 
become fufceptible of being preferved for Icvcral ninnllis, if 
they are afterwards kept in a cool place, or in fait. M. Par- 
mentier fufpe6ls that the utility of this procefs depends on the 
ileftru6lion of^ the vitality of the germ by the boiling water. 
Xgg$ Ui(\ atfea Mariners aflert that eggs laid at fea keep better than others. 
Jucplonger than ^ay not this arife from the hens on board a lliip having no com¬ 
munication with cocks? For the fame reafon the dimiiwlifd 
vigour of the cocks in our poultry yards, in autumn, may be 
one caufe of the eggs laid in that feafon being more capable of 
being kept than ihofe of the Aril laying, to wliich may be added, 
that the hens are at that time fed more with grain and lefs with 
herbage. 

Rcqulfitcs for I'vom thefe obfervations, M. Parmentier thinks that the firft 
keeping eggs condition towards obtaining eggs capable of being preferved 

and 
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and tranfporied without fpoiling, » not to keep a cock with tha 
hens in the poultry yard. It i$ an error to fuppofe that eggs 
not fecundated have a worfe tafle than thofe which are lb* 
The author afcertained that the molt delicate palate was inca¬ 
pable of difcovering any difierence. Afterwards it is only re* 
quifiteto Iheher the eggs from humidity^ light, heat, and fruit. 
The method which fucceeded belt with the author was to pro¬ 
cure baflceta made of llraw, in which he placed the eggs with 
layers of chaff between them. The (traw and the chafl' are 
dry materials, fmoolb, very bad conduflors of heat, and con- 
fequenlly, very proper to preferve the character of freflinL-f^ in 
the eggs; thefe balkets were afterwajrds fufpended in a dry, 
dark and airy fituation* * 


» XII. 

Method of giving the Colour, Grain, and llardnefs of Steel to 

Copper. By B. G. Sage*. 

Margraff and Pelletier have publifbed their Invef1iga>» 

tions relative to the union of phofpliorus with different metallic 

fubdances; the French chemifl has brought this procefs to per* 

fedion; it was by repeating and varying his experiments that 

1 difeovered that the readied and mod certain method of phof- The readteftsnd 

phorating copper is to lake the copper in the metallic form, to of unitlng* 

melt it with two parts of animal glafs, and a twelfth part of cupper aad 

powdered charcoal. But it is effential (hat the copper diould^^”"^' 

offer a large furface; an advantage which is*obtained by ufing 

chips of this metal, which are to be placed in alternate layers 

^'ilh the animal glafs mixed with the powdered charcoal. 1 

expofe (he crucible to a lire briIk enough to melt the animal 

glafs*; it forms phofphorus; the greateft part of which burns, 

while another part combines with the copper, in which it it 

fo confolidated that it does not quit it, although it is kept in 

fulion for twenty minutes under the animal glafs which has not 

been decompofed. 

When the crucible has cooled and is broken, the phofpho- rhofphorited 
rated copper is found under the glafs, which has paifed to the 

* From Journal de Phylique, Mcffidor, An. Xil. 
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iiale of a red enamel* in the form of a grey and brilliant bat- 
ton : on weighing it, it is found to have acquired one twelfth 
by this operation. 

If the melted phofplioraled copper falls on a plate of poliihed 
iron, it fpreads itfelf in the form of plates of various configu¬ 
rations which are iridefcent like the neck of a pigeon, 

Phofphorated copper is much more fafible than red copper; 
it may be often melted under charcoal powder without lofing 
iU properties. 

The fame phofphorated copper, expofcd for a long time 
under a muffle, does not feparatc from the phofphorus with¬ 
out great difficulty. 

The copper thus combined with the phofphorus acquires the 
hardnefs of fleeh of which it has the grain and the colour; 
like it, it is fufceptihle of the mofi beautiful polifii; it is turned 
eafilyiu the lathe; it does not cliangc in the air: I have for 
fifteen years, kept buttons of polidied phofphorated copper in 
my laboratory, which have not experienced the Jeafi change. 
The copper does not develope any fmell on being rubbed: if 
it was dudllie it would be of the greatefl utility, iince fat bo¬ 
dies do not Teem to make any irapreffion upon it. 

In the pliorphoration of copper there is only a part of the 
animal glafs decompofed: becaufe a fufikient quantity of char¬ 
coal is not employed to convert all the acid into phofphorus; 
but it is necefiary that this fiiould be the cafe, that the pbof- 
phorated copper may feparate and coIicS with facility. 

The deep red enamel which is formed in this experiment 
may be advantageoiifly employed for porcelain or the enamels, 
fince it does not dtiange colour in the fire. 

Copper cannot combine with pliofphorus except in the dry 
way. 'If a cylinder of phofphorus is pul into a folution of n^ 
Irate of copper diluted with four or five ihoufand part^of wa- 
teff at the end of eight days the copper will be found in a me¬ 
tallic form, cryfiallized and duflile, forming a cafe for the cy¬ 
linder of phofphorus* 
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OK MIXED GASES. 

xin. 

Objhrvation^ on Mr, Gough’s two Letters on Mixed Gajet,* 

To Mr. NICHOLSON. 

SIR, 

reply to Mr. Gougll^•! ftridures being chargeable, it introdufHoa. 
feems, with acrimony and ridicule, and with having but few 
arguments, and thofe in appearance negligently conduced. 

(though the latl charge requires a whole letter to make it 
good); I propofe, in what follows, to-avoid the two former 
of thefe as much as may be, and to be as careful as pufliblc in 
conducting my arguments; fo, that if they appear to Mr. G- 
deflitute of that logical precilion which charaderifes his, he 
may aferibe it to iny inability, and not to any want of incli¬ 
nation. 

The accuracy of Mr. G.’s demonflration in the former let - Obfcmiiorn on 
ter, depends upon that of three phyfleal data ; IJt, The fpe- 
cific gravity of azotic gas; 2d, The fpecific gravity of oxf-gatTcf. 
genous gas; and, 3d, The quantity of oxigeii in a given vo- 
Itime of almofpheric air. If any one of thefe be wrong, it 
may prove fatal to his demonflration: now' it unfortunately 
happens that all three arc wrong, and that, when corrected, 
they prove the very reverfe of his propofltion; namely, that 
itUnoJphericai air is a mechankal viixtiire of oxigemxis and 
azotic gqfes, 

Mr. G.*s data are, 

Sp. gravity of azotic gas, .98.') 

-oxigenousgas, 1.103 

Quant, of osigen in atmo- * ^ 

fphere, per cent* in bulk, 122-25-28, uncerlaii\ which. 

* The true, or at leaft the moft approximate numbers, are, 

-• Sp. gravity of azotic gas, - *9(^6 

■ - ——» oxigenous gas, 1.127 

Quant, of oxig. in atmofphere, 
per ccMt. in bulk, - - 21 

Then, per Mr. G.'s iheorem, 21 x 1,127 =: 23.6G7 

and 79 x •960 = + 

99.981 

• See Pages 107, 160, of the prefent Voi. 

The 
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&4iDvat*ons o& 
Mr. Goush'B 
letter on mixed 
ge&e. 


The fam is ib Dear 100, that Mr^ G. will not venture to pro* 
fume any thing on the diflferencej further than that the data 
are fiill in a fmall degree incorre£l, which I believe no body 
willdifpute with him. 

Mr. G. by this time is ready to query. How do you know 
your data to be more corre6t than mine? I will now inform 
him. 

Dr. Prieilley was perhaps the firft to invefligate the fpecilic 
gravities of the two gafes in queflion. His method was very 
exceptionable; but fuch is generally the cafe in the infancy 
of any fcience. (See^Vol. //. Page 432, abridg, Ed, qf his 
Nat, Fhilof,) He found azotic gas as much lighter than 
common air as oxigenous was heavier. Mr. Kirwan Toon 
after gave a much nearer approximation; namely, the one 
which Mr. G. has adopted. Lavoifier alfo found the fpecihe 
gravity of feveral gafes. (See Ekments of Chemiftjy, Append, 
Tabic 7). His refults nearly agree w^lh Kirwan^s in regard 
to oxigen, but differ conliderably in regard to azote. Laftly, 
Mr. Davy, when invelligating the compounds of azote and 
oxigen, found it expedient to afcerlain with preciflon the 
fpecific gravity of the two gafes. Having every means of 
his predecelfors, and their refults before him, he ought at 
lead to have decided in regard to the difference between 
them. Accordingly he finds his refults to agree with Lavoi- 
lier’s in refpeft to azote; but he finds the fpecific gravity of 
oxigen fomewhat greater than either of them. (Ste J?e- 
fearches, pag, 553). 

The following table exhibits the refults of all thefe together, 
reduced to the fiandard of atmofpheric air. 


Specific Gravilies of 



Asotic Gas. 

Atmof. Air. Oxigenous Gat.^ 

According to Priedley, 

:989 — 

1.000 — 1,0^1 

Kirwan, 

.985 — 

1.000 — 1.103* 

Lavoifier, 

.966 — 

1.000 — 1.102 

Davy, 

.966 ~ 

1.000 — 1.127 


As for Mr. G.*s third datum, 1 think it fcarcely pardonable in 
the prefent day, for any one to pretend to difeufs a quedioii 
concerning the conftitution of the atmofphere, under the un¬ 
certainty whether it contains 22 or 23 per cent, of (kxigen. 
He ought to be acquainted with the hidory of eudiometr)', 
* • and 
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4o repeat experiments confidered as decifive, erpteiaUy 
as iliey are of a fimple nature. All the cnemifls of Europe 
fcem to be agreed, that either 21 or 22 per cent, in bulk, is gafei. 
ll»e proper number. My own experience gVes 21 for (he 
neared integer, which agrees with Mr. Davy's i) your J<mrnal, 
(quarto Series), Vol. V. page 175 : if Mr. G. entertains any 
doubt on the fubjedf, I would refer him to that p^er, and he 
will receive ample fatisfaftion. 

After what has been faid, I think Mr. G. mud le fatistied 
that he has virtually demondraled the atmofphere to ke a me¬ 
chanical mixture of the two gafes; If, however, he dill 
alledge that I only oppofe one authority to another, ard that 
his is as good as mine; then iVould recommend hm to 
fatisfy himfelf as follows; mix 21 parts (or a quantity oi gas 
containing 21) of pure oxigen, and 79 of pure azpte, to^e« 
ther; after this proceed to the analyiis of the gafes, and exi. 
mine the difference'^ between the refults, and thofe done froi\ 
the analyfis of 100 parts of atmofpheric air. 

I cannot conclude this article without obferving, that Mr. G. 
mud have been totally unacquainted with the opinions of chemi¬ 
cal philofophcrs on the fubje£l, or he would not have expanded 
into the compafs of five or (ix pages a limple argument, which 
has often been adverted to by others, and is now wholly 
abanrloned as untenable. Mr. Davy, in his Rcfearches, 
publithcd in 1800, advocating the notion of atmofpherical air 
being a chemical compound, produces four evidences, one of 
which is dated as follows ; See Paj^e !>26. 

The difference between the fp. gr. of atmofpheric 
air, and a mixture of 27 parts oxigen and 73 nitrogen, as 
found by calculation; a difference apparently pwing to cx- 
panfion in confequcnce of combination." In a nolp he adds. 

The two fird evidences havq been often noticed." This 
gen'^eman however foon after, finding that the atmofphere 
contained only 21 per cenu of oxigen, mud have feen that this 
evidence was not to be admitted. Since that time it has not 
been urged by any one to ray knowledge. 

I come next to Mr. G.^s reply at page 160. This at the 
commencement purports to be a defence of the charge, that 
wy arguments are but few^ and negligerdly conduced; at the 
conclufion it is afferted to be an anfwer to all njy olgeQiont, ^ 
and fomething more. This language may be that of logical 

• precifion 
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OK B gyio ns on precifion with Mr. G .; but it would have been more ir^telii* 
r it to me if he jlfad dated the olge£ls of his reply thus; 

gifei. Ijl, A refutation of Mr. D.’s arguments in favour of his 

fyfteitu 

Qd, An'anfvuer to his objeflions brought againd mine. 

,Sd, New meflions to his lyflem. 

The fird tjnng worthy of notice is the objedlton to my ar<*> 
ffuroent forA^ mutual penetrability of gafes. I have aflumed 

I and taken tzvo, and the latter of them is erro- 
:ly, that all gafea are porous^ It is irae» I have 
3oftuIates into the argument^ without exprefsly 
th; the former being peculiar to my theory^ was 
emanded in a formal way; the latter being the 
ixperience^ and never in any one inflance having 
to failj I thought it might tacitly be atfumed, 
lie judgment of philofophers muft be fufpended on 
> Mr. G. it feeins, is about to prove that no gas 
;d that a cubic foot of one gas cannot be put into a 
that is previonjly occupied by another gas, Mr. G. furely 
/cannot be ferious in this objection; but merely ufes it to gain 
/ time, and means to turn it off with a laugh, that he has at 
lead produced one folid argument againd my airy hypo- 
tbefls. 

Mr. G. finds it extremely convenient for his purpofc, that 
I fliould grant him the following podulate: '* If a particle of 
vapour can pafs freely through the air, a fecond can alfo fuc- 
cecd it at any given didance.’* I certainly cannot concede 
ib indefinite a demand ; but it will perhaps be of equal ufe to 
him to have the ibllowing: If d be the didance of two par¬ 
ticles of vapour of the temperature of 212*’, and predure 30 
inches; then,' at the temperature of 60** or upwards, if one 
particle of vapour can pafs freely through the air, a fecond 
may fucceed it at any didance greater than 4d. 

As for the important argument which I confider equivalent 
to a demondralioD of the nature of vapour, and of its relaiion 
to gafes, and entirely inimical to the notion of chemical affi¬ 
nity,,Mr. G. has not ventured toxevive it: Probably he has 
fomething in referve on this head. 1 mean the argument de¬ 
rived from the fad^ (hat a vacuum, or any kind of air of 
any denfity whatever, takes up juft the fame quantity of any 
vapour. 


The 
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})ropofltlon refpeding the mechanical afiion of air on *** 

the furface of water* will beanfwered by Mr* G. when he 
has proved that otV has no pore#* or no capacity for the rv«gafa* 
ception qf watfr. For* nothing can be more clear than that* 
whatever may be the prelTare of the atmofphere* and bow« 
ever few the points of its a£lion* water cannot be forced into 
the pores of air* if it have none. 

Mr. G. proceeds to ftate two new fads* which are faid to 
be inexplicable on my principles; I muft undertake the ar^ 
duous talk. The fads are* Air containing aqueous va¬ 
pour is fpecifically lighter than air without it* cfftmsparifriif; 
and* 2 d* A bottle internally moid* containing air* being heat¬ 
ed* more air is expelled than if* the bottle had been dry. 

Both granted.—Now for the explication. The fpecific gra¬ 
vity of aqueous vapour has been found by De Saufliire* Watt* 
and others* to be about or f of that of atmofpheric air in 
like circumdances; by fome experiments of my own I am 
induced to think it is nearly .7* that of air being 1 . Let the 
temperature be 64^* and the air be filled with vapour as much 
as poflible in the temperature* in which cafe 3 ^ of the eladic 
force will he due to the vapour. (See MancL Mem, VvL K* 
r, 2 * page 559); then* by the theorem fo elaborately exem¬ 
plified in Mr* G/s former letters* we have ^ ^ ^ ^ 


rr .994* for the fpecific gravity of common air filled with 

vapour at 64^* when that of dry air of the fame temperature 
would be ]. Thus it appears that my hypothefis not only ex¬ 
plains the fad of diminifhed fpecific gravity* but accounts for 
the quantity of diminution* Can Mr* Gi’s theory' of chemical 
folution do this ? 

^ In the fecond cafe we find heat generating vapour, which 
incre|(ing in quantity and force with the temperature, diffufet 
itfelf through the air in the bottle; the hand being occafionaily 
removed from the mouth, fufiered the extra-portion of air 
and vapour to flart out; juft as if there bad been a generation 
of a like portion of oxigen, or any other permanent gas, in- 
ftead of the vapour; in which cafe a portion of both dues 
certainly efcape. Mr. G. finds the vapour generated this 
way between 59 and 126*’. to be rather lefs than ^ of at- 
Voi. IX.— Deckmbkr, 1804. . T mofplieric 
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ObftVvatlons OR mofplieric force; it ought to be juft ^ by the table Above 

Mr. Gough's referred to. But it is obvious, that by removing the hand 

gafcb. occafionally, the full quantity of vapour tor any temperature 

could never be obtained in this way, no more than pure oxigen 
could be procured in the bottle by a fimilar procefs. The 
‘grand queftion with Mr. G. however, is. How does vapour 
of half an inch force, expand the prires of air fubjefl to 30 
inches of prelTure ? And his anfwer Teems to be, it is impoflible, 
according to the axioms of dynamics. This queftion is what 
J fliali now confider. 

Having myfclf ftudied the principles of dynamics, as well 
as thofe of many other mathematical and phyfical fciences, 
under the tuition of Mr. Gough, I feel under ftrong obliga¬ 
tion to him; but thefe, he wdll readily grant, do not bind 
me to fubferibe to his opinions, when I cannot perceive them 
to be well founded. He charges me, in the prefent inftance, 
with a miftake in regard to dynamics; but he has not pointed 
out any particular axiom which I have offended ; The miftake, 
] think, is with him, and fliali endeavour, in what follows, 

- to point it out. 

It is a principle in dynamics, that whenever a fyflem of 
iDodies aft upoK each other, and are in a flale of equilibrium, 
the leafliiin'C imprefled upon any one difturbs the equilibrium. 
Thus, the ocean and the air, though bound to the earth by 
its fuperior attraflion, are neverthelefs diflutbccl by the feebler 
iuflucncc of ihe moon. Air in a bottle is a fyflem of particles 
at equal diflances repelling each other, but in equilibrium by 
Ihe gravity of the incumbent atmofphere; confequenlly the 
Icajl force imprefTed upon them muft diflurb that equilibrium. 
•Now, ejf hi/potheji, air does not repel vapour at a diflance, 
but onlyjn contaft; therefore vapour can be formed in fuch 
a fyflem : when once formed, it meets with no elaftxc reflft* 
ance or repulfion but from particles of its own kind; there¬ 
fore it is conftantly (ending outwards, where the particles of 
its own kind are leaft denfe: in its way it infringes upon par¬ 
ticles of air, and exerts fuch force as It is capable of upon 
them: a number of particles of air are thus gently propelled 
in the direfiion of the flream, and the refl of the fyftem are 
obliged to accommodate themfclves in order to preferve the 
-equilibrium : (bus the diftances of the particles of air are gra- 
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6\:^\\y increafed, and that in proportion to the Ibrce Ivtiich 
the vapour exerts* Therefore vapour of the le&fi pofliblo force* 
can, in <uch circumftances, extend the pores of air. Q. E. D* 


I remain your’s, 

Mancltejier, Nov. 13, 1804, 


J. DALTON. 


f 



XIV. 


■ Some Account of a Condenfer of Forces, or a Method of obtain^ 

ing the greatefi pojjible from a firft Mover, of which t/te 
Energy Is fubjed to Incrmji% oi* Diminution within certain 
Limits; and in general to vary at Fleafure the Rcfijlance to 
ivhich the FJfort of the Jirft Mover forms an Equilibrium in 
any AJachine whatever, without changing any Part qf the Con* 
Jirudion. By R, Frony.* 

T^HE problem of mechanics, of which the folutlon is here Problems I 
given, is one of the fmall number of Ihofe wliicbf leading 
rcfults independent of the particular mechanifm of the ma¬ 
chine to which they arc applied, prefent, in their folution, a 
generality which may be compared with that of the rational 
mechanics, or analyfis. 

Jt may be enunciated in the following terms: 

“ Any machine being conftrufted, to find, without making enunciate J. 
any change in the conflrufiiun, a means of lianfimilting to it 
the iidion of tlie firft mover, by fulfilling tlie following con¬ 
ditions ; t7*7. 

1. That it maybe poilible at plval'ure, and wilb grealCondiuomi 
fpecd and facility, to vary the refiftance (againfl whiib the 
effort of the firft mover muft continually make an»equi!ibrium) 
in limits of any icquired extent. 

* 2. That llie refiftance being once regulated, ftiall be ri- 

goroully conftanl until the moment when it is thought proper 
to increafe or diminilh the fame. 

■ ** 3. That in the moft fudden variations of which the effort 
of the firft mover may be capable, the variation in velocity of 
the machine fliall never undergo a folution of coiuiimily.” 

« From the Bulletin of the Philomatliic Society at Paris, 

No, 33. 
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Solutlog exlu« 
blted in an en*. 
gine* 

Problem in dy¬ 
namics i To op- 
pofe a conftant 
weight to a va¬ 
riable firft 
mover» and 
tranfmit the 
forcei ftc* 
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1 (hall here apply the folution which 1 have difeovere^ of 
this problem, to the dynamic eflTed of wind ; it will be eafy 
to make the fame general when the other firA movers are ufed. 

The fefiion and plan of the machine are exhibited in Plates 
XV. and XVI. O O reprefents the vertical arbor to which 
windmill fails are adapted; ecce is an aifemblage of carpen¬ 
try, of which one of the radii Oe, bears a curved piece bdp 
of iron or (leel: Vertical axes of rotation a a a, being placed 
round the axis OO, alfo divide the circumference in which 
they are found into equal parts. 

Each of Ihefe axes carries a curve a/, of iron, fleel, or 
copper ; fo iiluated, that when the wind z&s upon the fails, 
the curve b d prelTes againtl one of the curves a/, and caufes 
the vertical axis to which this lafl curve is Axed, to make a 
portion of a revolution. 

The curves b d and af mu/l be fo difpofed, that when b d 
eeafes to prefs on one of the curves af, it (hall at the fame 
inftant begin to a6t upon the following curve: the number of 
axes which are provided with (hefe carves, muft be deter¬ 
mined by the particular circumflances of each cafe; and it 
is' alfo prafticable to fubflitute, intlead of bd, a portion of a 
toothed wheel having its centre in the axis O O, and to place 
portions of pinions inilead of the curves n/, but the difpofi- 
tions reprefeiited in the figure are preferable. 

Each of the axes aaaa (which are all fitted up alike, 
though, for the fake of clearncfs, only one of (hem has it^ 
apparatus reprefer;led in Ihc drawing), each of thefe carries 
a drum or pulley ttrr, on which is wound a cord that pafTes 
over a pulley y>, and ferves to fupport a weight Q by means 
of the lever F G) upoi^ which this weight may be flided and 
faflened at diffelent diflances from the point of motion G* 

The fame axes ua pafs through the pinions qq, to which 
they are not fixed; but thefe piYiions carry clicks or ratchetts, 
which bear againfl the teeth rr; fo that, when the weight Q' 
tends to rife, the ratchett gives way, and no other effect is 
produced on the pinion qq, either by the motion of the axis 
or of the drum t trr, excepting that which canfes the afeent 
of the weight q q. But the inflant that the curve or tooth b d 
eeafes to bear again (I one of the curves af, after having 
caufed the correfponding weight Q to rife, that weight Q 
tgnds to redefeend, and then the toothed wheel rr a£ts ugainfl 

the 
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the tatchettf fo that Q cannot defcend without turning the Pyh**® 
ptnion q q along with the drum 11 r r. asmics s To op. 

1 he pinion q q takes in the wheel a h, from the motion of weight to a va- 
which the ureful effect of the machine immediately refulU; 
that the eifeQ of the delcent of one of the weights Q, is to tranfmit^e 
follcit the wheel A B to motion^ or to continue the motion 
in concurrence with all the other weights Q, which defcend 
at the fame time. This wheel A B carries beneath it oblique 
or bevelled teeth G D, which take in a like wheel C E, and 
caufe the buckets at S to rife. 

The alternation in the motion of Ihefe buckets may be ef- 
fe£led by the mechanirm I have dcfcribed in the firft volume 
of the Memoirs of the Infritutc. 

From the preceding defcriplion it is feen that the machine, 
being fuppot^d to ftart from a ftate of repofe, the wind will 
at firft raife a number of weights Q, fuificient to pul the ma» 
chine into motion,, and will continue to raife new weights 
while thofe before raifed are fallen; fo (hat the motion once 
impretred will be continued. 

Among the numerous advantages of this new mechanifm wc 
may remark the following : 

J. No violent fliock can lake place in any part of the me* 
chanifm. 

2. The ufeful eflefl being proportioned to the number of 
weights Q, which defeen^ at the fame time^ this eflTefk will 
increafe in proportion as the wind becomes frronger, and 
caufes the fails to turn with more velocity. 

3. The weights Q being moveable along the levers F G, 
it will always be very eafy to place them in fuch a manner 
as to obtain that ratio of the effort of the hrfr,mover to the 
refinance, as (liall produce the maximum of effe£l.^ 

4. From this property it rqfults, that advantage may be 
t^k m of the weakefr breezes of wind, and to obtain a certain 
produd in circumflances under which all other windmills are 
in a Hate of abfulute inactivity: this advantage is of great 
importance, particularly with regard to agriculture; the wind* 
mills employed for watering lands are fometimes inaClive for 
I'everal days, and this inconvenience is more particularly felt 
in times of drought. A machine capable of moving with the 
flighted breeze, mud therefore offer the mod valuable ad¬ 
vantages. 


1 niall 
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I give a more ample account of this apparatus it. a 
memo'll which I fliall prefeut to the Iniiitute^ as foon as the 
machine which 1 am now eroding in the country ihall be 
completed. * 


XV. 


Ahjlradi of a Memoir m the Pojfibility of ohiaining Prujfiate of 
Potajhfret from Iron; the UnaltcrabilH^ of the Pruffic Acid 
at high Temperatures; and the true Naiui'e of the Comhina^ 
tions of this Acid with d/Jfcrcul BaftsA By Buchola. 


UiiUty and ad- 
vantag^j* of pruf- 
tic compounds. 


JL HR combination of prufTicacid with falefjnble bafes, forms 
a dais of ialts of the greaiefl utility to the analytical cliemili; 
for by means of them he is not only enabled to afeertain 
w'helher a metallic fubtlance be prefent in any folution which 
Jorms the iubjed of his refearch, but alfo wliat rnetal is pre- 
fenl, as well as its refpedive (luanlity. But in order to be 
accurate in this refped, the re-agent employed muft itfelf be 
free f".> n metallic admixture; or the quantity and nature of 
the metal if coniams imili at leaf! be known* To accompli/h 
this, have hitherto labouied in vain. To remedy 

thefe deieds, Mr. Bucholz has iiiiiituted a number t)f expe¬ 
riments which led to fads hitherto unknown : and as liiev are 
highly important, we fliall exhibit the rcfults of the pnncipal 
ones, which are as follows : 


* The pradical mcclia^nic may perhaps find it au advantage to be 
infoimed, that tljie whole'tfFort of a firft mover cannot be tranf- 
mirted by this> or any other method of raifing weights, in order to 
Operate by their fall. If the wind had been employed to raife a 
maximum of weight through a given Ipacc in a given time, this 
weight would be lefs than would continue in equilihrio at leff againfl 
the fame force, as is well known ; and if this weight be again lmii< 
ployed in like manner to laife another maximum of weight, this 
alfo will be lefs than the former, &c. For this rcalon it is that the 
ily has been ufed as an equalizer of fteam-cngincs, in preference to 
the older method of raifing watet and fuffeiing it to defeend on an 
overdiot wheel. W. N. 

f Abridged from a memoir in Gehlen’s new Journal of Cheinif- 
try, Vol. 1. Part IV. Page 406, by — A. 
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1. Pruflic acid can only be formed during the carbonissa- PrulTic acid U 
tion of blood or animal matter, at a red heat: We, therefore^ 
need not be afraid of boating the mixture of blood and alkali, 
in the preparation of prufliatcd alkalies, to incandefccnce* 

2# The affinity of pruflic acid with alkalies is greater at Its affinity wUh 
high temperatures, and in the i/ry xvay, than at low ** 

tures, and in the humid waj/» 

This obfervalion ditiinguiflics prufTic acid from the reft ol Ail other vege« 
the (b called animal and vegetable acids, and their combina- JcHmycd byTg- 
lions with alkaline bafes; for all of (hem arc dellroyed at a jutiun. 
red heat. Hence it is obvious, 

3.1'iiat in the preparation of pruffialed alkalies, the pre^Watn ffiould be 
fence of water fliould be avoided much as poflible. avoided. 

4* Thediredl combination of pruflic acid with alkalies, can- P. .md md alk, 
not be accomplifficj. do ii«it dini£t)y 

I’ure prufliatcd alkalies are deconipofablc by the affiifion P, i.rufliatcd alk* 
of water; part of the pruflic acid cfcapes, and may catily be 
recognifed by the (Alour of biller almonds, and frequently alfo 
by llial of ammonia. 

6. The cunvbination of pruflic acid with alkalies can only P. acid does not 
be ctJefled at all iemperatu7'€s up to a red-heat, by the interpofi- 

tion of a portion of oxide of iron ; and the affinities conflfting temp, but by 
between llie pruflic acid and alkali, arc retained with a greater ot iron# 

force in tfic humid way, in the ratio of the ponderable quan¬ 
tity of iron prelont, 

7. All the precipitates obtained in chemical analyfis by Common pmf- 
mcans of prufliatcd alkalies prepared in the ufual 

ncr, contain more or lefs iron, wilhtmt exception ; whereas irun j pitie |u 
the lame precipitaUvs, produced by (he adion of abfolutely 8'vc diii’cicat 
pure prufliates, are free from that metal, and of a diflerent 
colour than the foimcr, • 

8. The affinity of oxide of iron to charcoal, is more power- Moft of the 
fill than the joint altradlion of •pruflic acid and potalh to lliat prelent le- 
n/eiJl; hence we always find that the grealert quantity ™ 

that metal remains behind with the charcoal, in the ufual alk. U mede. 
procefs for obtaining pruffiate of polafli. 

9. The precipitability of the oxides of metals by prufliated 

alkalies, is in the ratio of tlieir oxHiabilily, or quantity of cip byp. alk. in 

oxigcn they contain. gcuauon 

Such are the obfervations of this chemift. Other Icfs in-^ 

terefting ia6ls will be omitted in the prefent aLftrafl. 

Expel imcntal 
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Prepirition of 

E uffiate of tl* 
pure. 

Low ignUim of 
dried bio >d and 
potaibf and fo* 
lution by water* 


The fait woa 
treated with ace¬ 
tic acid and alco¬ 
hol. 


Very little pruf- 
fiate> and not 
Separable from 
the carbonate by 
thofe agents. 


iitfs of blood 
was then ufed 
in the ignition. 


Creat evolution 
of ammonia* 


The fubcarbon- 
ate and prufliate 
not reparable by 
alcohol and 
acetic acid* 


Buperim^n^l En^uirkM concerning ike beft Method of preparing 

Pruffiate tf Potajh free from Iron. 

l^our oz. dried blood were intimately mixt with a folution 
of potafli (containing one ounce of potath), then evaporated 
to drynefst ignited to rednefs, till no more flame undulated 
at the furface of the ignited mafs. The ignited mafs was 
diffufed through fix ounces of water, and the folution filtered* 
The filtered fluid was colourlefs, it contained-an excefs of 
alkaliy and emitted a firong odour of bitter almonds. It 
yielded, on being evaporated as expeditioufly as poflible, a 
faline mafs, confiding of a mixture of prufliate and fub-car- 
bonate of potafli. In order to feparate thefe two falls, one 
drachm of the faline mafs was introduced into a vial con* 
taining a mixture of half an ounce of highly concentrated 
alcohol and half a drachm of acetic acid, of 1,036 fpec. grav. 
On agitating the fluid no fenlible elFervefcence took place, 
but much pruific acid was difengaged; a proof the pruflic 
acid was retained with a lefs affinity by the alkali than the 
carbonic acid. On examining the refidue, which had been 
treated with acetic acid and alcohol, it was found to contain 
only a fmall portion of pruffiated alkali. 

From this experiment we learn, that one part of potafli 
cannot be converted into pruffiate of potafli, by being heated 
to rednefs with four of blood; and that the quantity of either 
free or carbonated alkali, under thefe circumflances, can* 
not be feparated from the pruffiated potafh by means of 
acetic acid and alcohol. 

In order to learn if a lefs quantity of blood would not be 
more advantageous for the produ£tion of pure prufliate of 
potafli, four diinces of dried blood, and two of carbonate of 
potafli, were heated to rednefs in a crucible till no more flame 
appeared. On covering the mixture witli charcoal powder, 
and again heating it, a prodigious evolution of ammonia took 
place; a phenomenon I do not venture to explain. The 
mafs, after having been diffufed through water, filtered and 
evaporated, yielded a crop of cryflals, confiding of prufliate 
and fub^carbonate of potalh, the former predominating con- 
fiderably. 

On fubjeAing this mixture of falls (o the joint adion of 
acetic acid and alcohol, it was found impoffible to feparate 
the pruffiate of potafli from the fubwcarbonate. 

Being 
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Bevig Aus perfuaded that a lefs quantity of blood was not BM md alktl^ 
more advantageous for forming pure prufTiale of potaflij I 
again mingled two ounces of dried blood with one of carbon- (y ignitgd tor ^ 
ate of potath: this mixture was treated as before, wilh 
exception that the mafs, after the flame had entirely dtfap- 
peared, was flrongly ignited for three quarters of an hour. 

The obtained tnafs, after refrigeration, weighed nine drachms, 

Digefted cold with four ounces of water, and filtered and 
evaporated, it afforded a dark coloured fluid. On dropping The fluid of To* 
into a confiderable quantity of muriatic acid, no blue, but a 
white precipitate (ell down, which was infoluble in muriaticfomc iron, 
acid ; Acetic acid occafioned no change in this dark-coloured 
fluid; and on mingling it with (blphuric acid, and evapo¬ 
rating the mixture to drynefs, and re-dilTolving the rnafs in 
water, it yielded a fmall quantity of prulfian blue; a proof 
that iron was prefenf in this fluid. 

The quantity of jiron being very fmall, but the colour of 
the fluid very dark when compared with thofe of the former 
procefles, it was natural to fuppofe, that (he colouring- 
matter could not be attributed to the minute quantity of iron 
prefent, but that perhaps a portion of charcoal was diffolved 
in the fluid: to inveftigate which the following experiments 
were inflituted : 

A like quantity and like proportions of blood and carbonate Repetition of the 
of pofafti. as dated laft, were gradually heated to incandef- 
cenre, and the fire gradually augmented, until the mafs began mifu 
to fu/e on the fides of the crucible. The mafs, after having 
been diflu fed through water and filtered, yielded a much 
darker-coloured fluid, which, when mingled wilh muriatic 
acid, yielded a pearl-coloured precipitate. After being mixt 
with muriatic or fulphurie acid, evaporated and redilfolved 
in water, it aflbrded a confiderable quantity of oxidfe of iron; 


a prq^f that the union of the pruffic acid with potafh is perma- The prutTic «ci4 
nent at very high temperatures, but that this combination, 
under fuch circumftances, exercifes a firong adion upon the high temp, 
oxide of iron contained in the blood. 

Thefe fafls were proved by repealing this experiment,* but 
taking care to expofe the mafs to a fumewliat lefs degree of up by Icfs hcjit. 
heal. The fluid now obtained was lefs coloured, and yielded 
lefs oxide of iron. 


This 
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Bxpecimnts 
m)£k pure aliuli 


Low heat pro¬ 
duced little coni' 
hination of p. 
acid and the al¬ 
kali. 


Ixp. to deter¬ 
mine the propor¬ 
tions of caj bon* 
ace and blood re- 
qiiifitc to pro¬ 
duce the pruiH- 
atey dec. 

The experi- 
ment^i witli low 
iieat. 

4 ot, blood and 
I alk« carb. 


Produdl very 
liLtJc. 

% oz. blorid, 

I carb. alk. 
low heat. 
Product not in- 
creofdda 


This being proved, the author varied his experln^en^s, fe 
* as to be thoroughly convinced of the fa£ts« He alfo endea¬ 
voured to afoertain, whether alkalies, freed from carbonic 
acid, were better calculated for the production of pruifiated 
alkali; mid, if pofBble, to find out the proper proportions of 
ingredients for obtaining this fait. With that view,, a quan¬ 
tity of folution of potaili, containing one ounce of alkiali freed 
from carbonic acid, was mixt with three ounces of blood, 
and evaporated to drynefs. (It was of a colophony colour, 
folttblc in water, and emitted, on being heated, a very firong 
odour of ammonia). On being transferred into a crucible, 
'and gradually heated till no mure flame appeared, and dilfufed 
through four ounces of water, it yielded a Impld fluid, of 
a flrong alkaline tafle, and odour of bitter almonds. The 
ufual experiments proved, that it contained comparatively 
little pruifiated alkali, but a large quantity of carbonate of 
potaflu 

Being thus convinced that this experiment proved fruitlcfs, 
'it was deemed nece/Tary to afcerlain the refpeflive quantity 
-of oxide of iron contained in the pruilialcd alkali, that might 
be produced from a given quantity of blood and carbonate of 
potafh. 

With that view, four ounces of dried blood were mixt with 
a folutlon of caibonate of potafh, containing one ounce of 
carbonated alkali: the mixture, after being evaporated to 
drynefs, was heated till the flame ceafed to appear. It now, 
weighed I| oa. On being elixiviated with cigiit ounces of 
water, it afforded a fluid of a very pale yellowifli brown, or 
wine colour: Its tafle was alkaline, mixt with that of bitter 
almonds. Two drad,tmii of water mixt with 20 drops of a 
concentrated folution of muriate of iron, when decoinpofed 
by this priiffiated alkali, afforded four grains of pruflian blue, 
fiript from the adhering oxide*'of iron by muriatic acid. 

Two ounces of dried blood and one of carbonate of potafh, 
treated in a fimilar manner, yielded, by being mingled witli 
a like quantity of muriate of iron, 4| grains of pure pruiiis^n, 
blue. 

(The liemainder in our next.) 


Obftrvat'icn$ 
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ObJhnjation9 on ike Caufc which augments the lnUenjtti/ of the 
Sou7id in Speaking Trumpets, Bp J, H. Hassekfkatz *. 

Although the rpeaking*trumpet is an inftrumcnt which Antiquity of th« 
has been long known, fince Kirdicr is of opinion that Alex- truin- 

ander ufed it to command his army^ and Solard made one in 
PariSk in 1654, from the defcription which Kircher had given 
of that of Alexander, it was not, however, until 1671, when 
Morland made known that which he had conIlru£ted, and in* MorhnUS. 
vited men of fcience to determine Uie figure mo/l proper for 
this intlrumenl, (hat the fpeaking-trumpet was really known 
among us, and began to be ufed. 

It appears that Morland did not adopt the conical form ter¬ 
minated by a mouth piece, whicli he gave to tiie fpcaking trum¬ 
pets of glals, iron and cupper, he made until aftci a fuecenTjun 
of trials on the befi form to be given to them, to make them 
produce articulate Ibunds. 

It alfo appears that it was witht)ut knowing it, and by chance, CatTcginiirs, 
that CalFegrain gave the fpeaking trumpet, which he made in 
J6T2, the hyperboloidal form fit fl noticed by Sturm. 

Until 17 ly, when Halfe publithed a dilfcrtaiion on the im- Were at fuft 
provement of fpeaking trumpets, this inilrument was ^Ttiiou/know 
flru61cd without principles; fur we neither can nor ought to principle;*, 
confldcr a.-* principle, the harmonic proportion mentioned by 
CatTegrain as being nccefiary between the length and the width 
of the lubes of fpeaking trumpets, 4 

The law of the reflefliun of found in echoes, led HufTe to Hafle’ii theory 
apply the theory of catoptrics to fpeaking truniffets, 
duced him to confider the combination of the €lU\\foid(ii and intenfity of 
paraboloidal forms as the moft ad vdntageous for this infirumenl: them, 

butthis union not producing the cffccl which the profelTor of 
Wirlemberg had hoped for, it was abandoned, and in confornu 
ity with his opinion, the augmentation in the intentity of the 
found continued to be confidered as the product of the reflec¬ 
tion of the fonorous rays in the fpeaking trumpet, and of the 
vibration of the fubllance of which it was.compofed. It was 
for this reafon that, in the fabrication of tliefc inilruments, the 


•From Annales de Chimic, Praireal, An. XU. 
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r attention was direfled to having a hard, elafHc and thr.i fub* 

fiance, that it might vibrate in unifon with all the tones, and 

rede£i the fonorous rays which (truck it in all diredions. 

Ltmbert’s In 1763, Lambert witlidrew from the theory of fpeaking 

Vibration vibration of the materials of which they are com- 

the articulation pofedt he (bowed that the vibration of the (ides which is cal- 

af the founds, culated to augment the intenfity of a long continued found, 

would render articulate founds cunfufed, which muft fucceed 

each other rapidly ; (bat in this cafe therefore it would be ne- 

ceiTary to fpeak extremely (Idw, and that, even by fpeaking 

(lowly, it would be impoffible to diflinguifh the confonants, 

which are only momentary modificalioiis of the vowels; that 

the latter, pronounced inVhe trumpet, would be fo fonorous, 

that the confonants mud be gueffed at, which would be cx- 

Speaking trum- tremely difficult* By fprinkling the exterior furfacc of a tin 

faw-duft, I fatisfied myfelf that (he 

equally drong furface vibrated in fome circumdances, but I was equally fa- 

when the vibra- tisfied. On covering the oiitdde of the trumpet with a foft loofe 
eon IS prevented* - t ... i .. *. 

(luff to dop and obdruct its vibrations, that the intenuty or 

the found was no lefs (irong, in this fecond cafe, and, that 

thus the vibration of the fubdance of the trumpet was, at lead, 

ufelefs, if it was not injurious to the didindlnefs of articula^d 

founds. 

In his memoir, publiHied among thofe of (he Academy of 
Berlin, for the year 17t}3, Lambert has attributed all the aug^ 
mentation of the intenfity which the found experiences by 
fpeaking into a trumpet, to the rcfletlion of the fonorous rays 
on the fmonth and poliflied furfacc of the interior of this indru- 
npent; he fays that, of all the forms, that bed calculated to 
concentrate the found by reflefting it, and the mod eafy to 
Proportions of Icondrud, IS the conic form: be afterwards (hows (hat the 

llrengthencd in conical fpeaking trumpets, in the pro¬ 
portion of double the length of the cone which forms the, trum¬ 
pet to double the (ize of half the angle at the fummit of the 
cone, fuppodng the length of the cone to be equal to the ra¬ 
dius* If the angle of the cone is made = (p, the found is 

drengthened in the proportion \/ 2 : 2 (fin. | ?). 

Seeking, from ihefe formulae, to difeover what would be 
the bed proportions to give to conical fpeaking trumpets, he 
found that whatever the angle of the fummit of (he cone was, 
its bafe mud be equal to the didance between the fummit of 

the 
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the coi)ie and the mouth of it, and that its length mud be equal ^ ' 

^0 the diameter of the mouth, divided by four limes the fquare 

of the line of half the angle of the cone : that thus in a trum* 

pet of fix feet in length, the angleof the cone mud be 16^ 17, 

and that fucli a fpeaking-trumpet would make the found 96 

times more intenfe. 

Lambert therefore, as well as tliofe who have preceded him, 
confidered the augmentation of the intenfity of the found in 
fpeaking trumpets, as the refult of tlie a£lion of (he refie£lion 
of the fonorous rays againtithe interior fides of iheinArument. 

It would appear that iince Lambert’s memoir, fpeaking Thefe inftni* 
trumpets have been made ufe ofi without attending to Uie 
caiifes which augment the intenfityof the found, and, in fad, ftruCira without 
it is feen that in all works in which this inlirmnentis fpoken of, the 

its efTedis are attributed either to refledlion alone, or to reflec- jncrrtfe ot 
tion combined with the vibration of the fubflance of which h found* 
is formed. 

If we compare the theory of fpeaking trumpets with that ol Theoryoffpeak'- 
the inftruments which have fomt refemblance to it, fiich S'* **** 

trumpets and hunting horns, we miift bealloniflied to hod thatmencs. 
they are referred to different principle^. In the fpeaking trum¬ 
pet, the caufe Is attributed lathe rede^ion of the fuuud; in 
the other infiruments to the vibration of the air contained in the 
tube* Why thefe two caufes, while the effects are analogous? 

This analogy has led me to inquire if, in reality, the reflection Does rffleaion 
produced the augmentation of the intenfity of articulation in 
horns and acoufllc tubes, as well as in fpeaking-trumpets, as is found ? 
generally believed. 

On examining the ears of animals, it is feen that the greaU Animals do not 
eft number have an exterior auricle, which*moll of them of* 

ie€t towards the place from which the found proceeds; this found, 
auricle being, in many animals, covered inwardly wi{h hair, 
which flops and hinders the reflexion of the found, it is rea*- 
fuuaWe^to conclude that it is not by reflection that the found is 
tranfmitted into the ear. 

When afterwards we obferve the form given toacouflic horns, Ear-trumpeta 
'.which is that of a cone, the fummil of which, llightly trun- mit"found b, 

- caled, is placed in the ear, we are quickly led to conclude that Kfleftloa. 
the found is not tranfoiilted by reflection; for the angle of the 
incident ray being increaled at each reflection by thut of the 
cone, after a number of determinate reflections, the angle 

would 
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Ho*'ns of a 
p<irabnloicl lorn 
dlfufcd. 


Cylindrical 
acouHic tubes 
tranl'mit found 
without re¬ 
flexion to a 
j|reat dil^ancc* 


According to 
the theory of 
refledion the 
enlarged part 
(p.williQn] Is of 
no ttfe. 
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would beeom^ larger than a riglU angle, and the my wpuld re¬ 
turn upon itfelf* Thus the grcateft number of the rays would 
•liTue out of the mouth, after being feveral times reflefied, and 
tl)e quantity of the rays which thus reach the ear, and which 
are proporlionalby lefs nimnerous as the cone is longer^ cannot 
fenfibly augment the intentity of the found. Neverthelefs, 
acouilic horns do (Irengthen the found confiderably; this aug¬ 
mentation muil therefore depend on another caufe. 

It has hern propofed to muke horns of a paraboloidal form, as 
being bell calculated to (ranfmit found by refle£lion; but whe¬ 
ther they did not produce the effedl which was expected fiom 
them, or that they were too difficult to conftruft, thefe horns 
bare been abandoned, ^ind none but conic horns are made 
ufe of. 

The acotiflic tubes employed to tranfmit the found to great 
diflanccs, fo that it cannot be heard by perfons placed between 
the two extreme points, are ufually formed of cylinders, which 
ferve to conduct the found. . Lambert had already flated that 
redeXion did not incrcafe the intenfity of found in cylinders, 
becaufe whatever might be the diredion of the incident rays, 
being conllanily refleXed between two parallels, the angle 
which they form with the axis of llie cylinder mufl be the fame 
at entering and quitting it; that thus the found mull experi¬ 
ence a diminution at its ifTue, which will be fo much the greater 
as the number of refledlions is more confiderable. Never- 
thelefs the found is tranfmitted to a great difiance by meanaof 
thefe tubes, and I have alccrtained that the beating of my 
watch, which ccafes to be audible at the difiance of 1". 10, 
the medium ot (even experiments (A), is heard at the dif- 
tanceof 2“ 25, the mean difiance of fevon experiments (A) 
when I place it in the mouth of a pafteboard tube, 0®. 038 in 
diameter and 0^« 6 in length ; wlience it follows that this Uanf* 
million mufi proceed from another caufe, 

All thefe conii derations have therefore induced me to ex¬ 
amine the effefis of the fpeaking trumpet with the greateft 
care. It follows from the theory of the reflection of found, 
applied by Lambert to the fpeaking trumpet, that the opening 
by which it is ufually terminated, Ihould be at leafi ufelefs, if 
not injurious, for it has no influence on the concentration of 
the rededed rays; and therefore this gentleman propofed to 
lay it afide entirely. The analogy of form between the trum- 

pel 
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’ pet |nd the fpeaking trump'et not being a fufficient reafoD for 
retaining it^ it is probable that it would have been laid aAde, 
in the fame manner as the contour of (he trumpet was aban¬ 
doned, when the form and dimenllon? moH fuilable to this tn- 
Arument were fought for by experimental trial's. There would 
alfo have been another inducement todifpcnle with i1, becaufe 
Hafle had already omitted it in the fpeaking trumpet which 
he indicated as preferable to thofe of Morland and Catl'egrain. 

I afeertained by experiment that two fpeaking trumpets of the Which U con- 

fame length and the fame diameter produced different 

when they were terminated by an enlarged aperture or not, 

and that in general this enlargement confiderably increafed the 

intenfiLy of the found. The beating of my watch which 1 

heard at 2, the mean diftance of feven experiments (a) 

by placing it at the mouth of a fpeaking trumpet of 0™. 6 long 

and 0"^. 38, mean diameter of tlietube, was not heard beyond 

2"^. Q5, mean diflanceof feven experiments (a) when 1 placed 

it in a tube of the fame length and the fame diameter. Thus 

the caufe which occafions this aperture to ftrengthen the fooner 

is difFcrent from the reflection of the fonorc^s rays. 

Since the reflection of found does not in any manner concen- ThU !s further 
Irate the fonorous rays in a cvlindrical tube, it muft follow, as the 

Lambert has concluded in his Theory of Reflection, that fpeak- ^lugmcntcd in 
ing trumpets with cylindrical tubes (Iiould not fenfibly augment 0*^aking^trum- 
■the found. To prove whether experiment agreed with this drlcaUubcsV'li" 
theory, 1 immediately conitru6ted a fpeaking trumpet, with a ft‘ongJy as in^ 
cylindrical tube of ()“. 36*, the length of the cylinder, 0*. 
the length of the enlarged part. O'*. 035, the diametei^ of the 
cylinder, and O'", 190, the greateft diameter of the enlarged 
part, and, by com pairing the inteniity of* the found which it 
produced, with that oJ a conical fpeaking trumpet of the fame 
height, and of a fimilar mean diameter, I afeertain^ that tire 
firength of the found was fenfibly the fame. In both, (he beaU 
my watch, which I did not hear in the open air beyond 
1“. 08, mean diftance of five experiments fbj was heard at 
3®. 94, mean diftance of five experiments fAj when I placed 
it at the moutli of either fpeaking trumpet. Since the,cylin¬ 
drical fjpeaking trumpet ftrenglhens thu found in the fameman- 
«er as that which is conical, and fiiice, on the contrary, the 
theory of reflection ftiows that it fliould not be ftrenglhened, 
it follows that the augmentation of found in thefe infiruments 
arifes from a caufe diifcreijifrom refleflion. 

One 
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Sxcept Inaf* 
intich as U di« 
mintihes the 
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Theintenfit^ of One dectfive expertnsetit remaned to be made wiUi th^fe In« 
k&^"by*de-** ftroments, this was to deftroy and to reflore the adion of the 
ftroying the re** refledion in a fpeaking trumpet, fuppofing it to take place, 
tefleftion by compare the intend ty of the found obtained in thefe 

internal woollen two circumflances, in order to determine the proportion of the 
covering. effed produced by this refledion. I confequently procured a 
fpeaking trumpet of woollen AulT, which 1 placed within one 
of tin, and I obferved that the intenfitj of the found obtained 
with or without the fluff in the infide, was fenfibly Uiefame; 
whence i-t follows that liie refledion has no appreciable influ¬ 
ence on the augmentation of found in a fpeaking trumpet. 

1 have faid that the intenfity of the found was fenfibly the 
fame; nevcrthelefs I muft'^obferve that it was diminifhed; for 
diameter of the the beating of my watch, placed in the mouth of the bare 
inftrojnent. fpeaking trumpet was heard at a diflance of 3". 94, mean of 
five experiments (h)^ while when placed in the mouth of the 
fame inflrument covered in the infide with the fluff, it was not 
heard beyond 2"* 48, This differencef which at the moment 
might be fuppofed toarifefrom the refledion of the found tak¬ 
ing place in the or^ cafe, and not in the other, feems to de¬ 
pend folely on the diminution of the diameter of the cylinder 
of die fpeaking trumpet and of the enlarged parts occalioned 
by the fluff placed within them; I fatisfied myfelf that the 
fpeaking-trumpet which I made ufe of preferving ail its 
diineniions and experiencing no difference except in the diam¬ 
eter of the tube, produced a diminution in the intenfity of 
the found, whenever a fmaller diameter was made ufe of; 
thus, in the fpeaking trumpet already mentioned (h)^ the beat¬ 
ing of my w^atch was heard at a diflance of 3'^. 94, when the 
diameter of the tubo was 0™. 03.5; it was not heard beyond 
3”. 03, when the tube was only 0™. 032 ; finally, it was not 
heard btiyond 2“. 34, when the tube was 0®. 028. It is evi¬ 
dent, therefore from thefe experiments, that the diminudon in 
the intenGty of the found by covering the interior of a fp^k- 
ing trumpet with fluffs, arifes from the diminution of the di¬ 
ameter of its tube. 

The dimimidon I fliould obferve that if the internal fluff occafionsanincon- 
in clw intenfity fiderable diminution in the intenGty of the found, it, on the 
compenfited by other hand, produces a great advantage by rendering the arti- 
iti dearnefs. culated founds clearer and lefs confufed. 

General con- follows from all which has been fhewn on the auricles of 

clufioni* animals, on horns, and acouflic tubes, and on fpeaking trum- 

pefs. 
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ipeU, tb«t%e ftttgmentaiion ol foand# in cSrcafbAatic 0 » !* 
i« not dv^ing to the reflexion of fonoroas rays, ccmfequetitly 
there eaifts no reafon for feparaUng the caufe which augments 
the found in tfaefe inllruments, firom that which ftrengthens it 
in trumpets and hunting horns; that the diflefent founds pro* 
duced in the two cafes are owing to the vibration of the air in 
the tobcsy and their ftrengths or their intenfities, to the aug* 
mentation of the amplitude of their vibration, arifing from the 
greater irapulfe which the ate neceffarily receives when it is 
enclofed in a tube. 


Experiment (A)» 

The tubes and the fpeaking trampetw>f paflehoard. 

The interior diameter of the tube of the fpeaking trumpet is 
0^. 038, that of the exterior diameter of the enlar^d part s 
0^. 210. The length of the tube = 0*. 4, and the length of 
the enlarged part =s O™. 2. 


Diftance at which the 
beating of the 
watch was heard. 

With a tube of the 
length of 

The 

fpeaking 

trumpet* 

WitllODt 
tube or 
fpeaking 
trumpet 

ObArvadotts. 

id- 

0.4 

m. 

0.6 

m. 

0.10 

The swstdiflbr* 
enee between 
thefe cKped- 
snenta arlfes, 
ift, ft'om the 
difpofition of 
thcocgaaiM 

ad, Am the 
greatsr or left 
floiro produced 
in die neigh* 
bourhood of 
the ^ace when 
the esperi- 
aieats were 
msds. 

1.33 

2,24 

2.16 

1.33 

1.92 

1.58 

2.54 

1.66 

2.90 

2.66 

1.79 

1,95 

2.16 

2.66 

2.33 

3.33 

3.33 
1.85 
2.00 
2.66 
3-17 

4.00 

4.66 
5.00 
3.00 
5.00 

3.66 
4.00 

t.OO 

1.16 

1.33 

0.83 

1.33 

1.00 

1.00 

Mean 

12.86 

15.78 

18.67 

29.33 

7.6J 

I.SSI 2.25 

2.67 

4.20 

1.10 


« ^ Experiment (B)* 

The fpeaking trumpet was of tin, as well as the tubes. 

The interior diameter of the lube of the fpeaking trumpet 
jceO*, 035, that of the exterior diameter of the enlaiged part 
^0^. 220, the length of the tobesaO*. SS, andthet of tti# 
enlarged part as 0.25« 
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With an interna! diameter of 


t4fl 

s|1 

«> <2 .4 

j-jisi 


O.G35 


4.88 

S.53 

3.25 

4.39 

3.5S 


m* 

0.032 


3.53 

2.93 

2.76 

3.58 

2.58 


ir of Without 

^_. fpeafciB'; 

in» trumpet 

0.028 


*.76 

2.28 

2.28 

2.44 

1.95 


Sum 19.78 15.43 11.71 


Mean 3.94 


3.0S 


2.34 


1.48 

0.^7 

140 

0.82 

0.82 

5.39 

1.03 


XVIL 

Accou7tt of Cerium, a new 'MtUal fimnd i*t a mineral Suhjianee 
from Bufims, in Sweden. Bj/ W. D'Hesingez and 
J. BJ Bergjslics 


Bifeorery of « 
new fubftitnee 
fa tungileiii. 


Where found. 


DrJcripUoH of the Tungficin of Baftnas^ 

j/^LTHOUGH this fubftaucc has been formerly afifayed by 
Scheele and D’EIhuyar, under the name of wolfram, its con- 
fijflerable weight, neverthelcfs, determined us to fubinit it to 
farther enquiries. Our principal objeft was to find yttria in 
it» which> being unknown at the time in which thefe chemills 
operated^ might have deaped their attention. Our fappoH- 
tiop' was nol well founded, fince, inftead of an earth, wo 
At whicb, accordlng to every appearance,. 

is hitherto unknown, as will be feen in the requel. 

The tungilein of Baftnas, which we call ceriie, for rca'fons 
which wsU be {Mrefeatiy given, was found, in the year 1750, 
in 0 copper-mtiiK called Baftnas, or Saint-Gorans Koppap- 
grafira, at Riddare-Hyttan, in Weftmannia, of which, with 
albafios, it formed the oiatrhc: bui after this time it was tm« 
bedded in quartz and mica, to the depth of fevmiteeQ toifes^ ' 

0 From the Swedifh,' by G. A. Linbom; but bore tranflated from 
die Aonales de Cbimie, L. 145. 
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7he lungfieiii is ^Imofl always mechanically mixed with Defcriptiqgi ojf 
Uack amphibole (horrMende}, ftriated aftinote, of a clear 
green colour (Jhorl), mica* fulphuraled copper^ bifmtitb, and 
ittlphurated molybdena, which maybe eahly known by ex-* 
poflng it to the fire. 

The ccrile, properly fo called, is tranfparent, of a fle(h Phyficsl prapstil 
colour, fometimes deep and fometimes bright, feldom yellow-^®* 
idu In a mafs, or in fmall fpecimens, the flone is of an ir¬ 
regular form ; its fraSure is indeterminate, compact, and a » 

little brilliant, with obtufe edges; its confidence is tenacious 
and drong; it gives fiye with deel with difiiculty, but does 
not feratch glal's; it is not attracted by the magnet; after 
having been made red-hot in the fire, it lofes its hardnefs, 
and fix or feven per ceiU^ of its weight ; by this operation it 
becomes friable, and acquires a bright yellow colour: it does 
not melt alone. 

On account of its weight, Crondedt has placed it among thr faifc tung-v. 
the tungdeins, in liis Mineralogy, In pure fragments, it is Sche(i.«f 
to that of water as 4.733 and 4.935 to 1.000« Scheele not 
having found wolfram in it, called it falfe tungdein. 

The condituent principles of this mineral were given by ContViiucnt 
Bergman, in the Memoirs of the Academy for the year 1784,'*^'"'*1**®*' 
page 121, from an analyds of D'Elhuyar: they are as fol¬ 
lows :— 


Silex, 

- 


- 

0.22 

Iron, 

- 


- 

0,24 

Lime, 

• 

* 


0.54 

1.00 


Heated with borax by the blow-pt^e, it fo^tns a globule ofHabitudtt witl| 
glafs, which, while hot, appears greenifh, but js colourlefs^""’ 
when cold. Urged with carbonate of foda in a platinafpoon 
it i#not diiTolved. 

« 

§ ii. 

Analxfii the freporiiom ef Cetium, 

TO feparate the fttris which was fuppofed to be in if, it Treatment 
was reduced to a fine powder in a porphyry mortar; 
concentrated nitric acid was then poured upon it. The acid r 

Was deCMipofcd, and a confiderable quantity of nitroas gas 
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And carbonic acid gas were diTengaged* The Hony poivder 
was repeatedly treated with this acid^ until tlie infoluble rdt- 
due appeared white. 

The folution diluted with water was oF a yellow colour^ 
which became greenilh by botlingj and afterwards red : com¬ 
pletely dried; it became oF a yellowifli white, but regained 
its red colour by atlraQing humidity. It is entirely diflTolved 
in alcohol; and the folution, flightly digefted, depofits a con- 
iiderable quantity of oxide of iron. It likewtfe depofits more 
•xide of iron by remaining for fome days undifturbed in a 
window. The decanted folution, being almod clear, was 
evaporated to ficcity, and the calcined fait was in the form of 
a powder, of (he colour of bricks. Water could only diflblve 
the calcareous earth. Diflilled vinegar could only take up a 
very fmall portion, and was not faturated* though aflifted by 
the heat of ebullition. The evaporated acetic folution gave 
fmall granulated cryftals, of a faccharine aftringent tafie. 
They were not totally foluble in alcohol. The part of the 
acetous fait which was not diflblved in alcohol, gave^ by cal¬ 
cination, a brick-coloured powder, refembling that which had 
not been diflblved. 

Ammonia precipitated the alcoholic folution in a white 
powder, which became yellowifli in the air. It was a little 
foluble by carbonate of ammonia, and acquired the colour of 
bricks by calcination. The fediment being feparated, the 
carbonate of ammonia produced a white precipitate, which 
was pure carbonate of lime. The acetous fait did not there¬ 
fore contain yttritf. The powder from which the calcareous 
earth had been feparated, diflblved in muriatic acid, with a 
difengagement of oxfgenated muriatic acid gas, which indi¬ 
cated that was a metallic oxide. 

Was it dxide of manganefe combined with oxide of iron ? 

To afcertain this> we endeavoured to deveiope the^nure 
oxide of manganefe by means of tartrite of potafli, according 
to Richter's method. We decompofed in this manner, a fo- 
lution of this fubftance in muriatic acid, perfefUy neutralized 
by tartrite of potafli; and after having waflied the precipitate 
w^, we fubmitted it (o a flow calcination; but it only pro¬ 
duced the brick-coloured powder. 

Cauflic alkali had no a£Uon on the infoluble part of Ibf 
nitrate; vrbicb proves that it did not contain alumine* 

To 
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■ To obtain the pare metallic mattw in a fo^kSeet qumtHjr 
(0 make feveral allays, another portion of cerile was diflblved 
in nitric acid, and the folntion evaporated to fiodty. Water 
was poured on the refidue, and it was precipitated with am* 
monia. The walked precipitate was diflblved in nitric acid* 

The folution, well neutralized with the alkal^ Was afterwards 
precipitated by tartrite of potalh. A white powder was alfo 
precipitated from the fame folution by carb^te of potalh, 
but it was in fmall quantity. Thefe precipitates were fqw- 
rately calcined, and both of them acquired the colour of bricks* 

The precipitate formed by the carbonate of potalh, was not 
dilTolved by potalh aided by digeAion; it therefore did not 
contain alumine. The iron contained in the folution, preci> 
pitated with tartrite of potafli, was feparaled by hidro*fal|^tt* 
ret of ammonia. The remainder of the folution of cerite in 
nitric acid, which had been precipitated by caullic ammonia, 
gave carbonate of lime by carbonate of ammonia. 

From thefe allays it refulls, that cerite contains nearly 23 
parts of lilex, 5.5 of carbonate of lime, 22 of oxide of iron, P*”* 
and a quantity of this metallic matter, tlie weight of witich,oxi^fGaion. 
after calcination, rather exceeded 50 per era/. But this fub- 
flance being then, as well as the iron, united with more oxi* 
gen than they contained in the cerile, we have, inliead of a 
lofs, an augmentation of weight, which probably arifm from 
the oxigen. Neitlier is the lofs which the cerile experienced 
in the calcination, included in this account. We alfo found 
traces of manganefe, but in fo fmall a quantity, that potalh* 
melted with the cerite and dilTolved in water, did not give 

any colour. ,* 

Not having the practice which complete proptfrtionate ana< 
lyfes require, we offer thefe refults with diffidence, and in the 
hope that fcientific men of more experience will employ them* 
fdveifon this fulgefl. 


§ III. 

Examination of the Metalb'c Oxide found in the Cerite, 

A PASTS was made of i? grains of this oxide and linfeed gmnlMtlM sf 
cH, which was reduced in diarcoal in a covered crucible, oside* 
Althongh it retained fome carbon, it loft half a grain of its 
we%ht. This maft was inclofed in a lined crucible with* 

* out 
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• 1 ^ my flux, «nd M. Hjelm expofed it for half an lioar tm 
iho d^Erree^of fire neceflary for the redudion of manganefei 
The dxido not melted, but reduced into a very tine pow¬ 
der: it ^xhibited^ brilliant particles in the day-light, and 
liained white paper black.'' It difToIved in muriatic acid, dif- 
engaghig, at the firtl, fulphurated hidrogen gas, and after¬ 
wards ^uTO hidrogen gas. This colourlefs folution had a fac« 
charine tafte. Thus it appeared to us that the metal was re^ 
duced in part. The origin of the fulphvr may be traced to 
the fulphuric acid, from which the matter had been feparated 
by the cauftic ammonia. The influence which this acid ex- 
ercifes in tbefe aflays, wifi be feen by the fubfecjuent en¬ 
quiries. 

M. Gahn, at Fahlun, having more convenient furnaces, 
has promifed to undertake the redtiAion of this fubftance with 
more power: if this operation fucceed, we (hail give an ac¬ 
count of it hereafter. 

Thefe appearances, and thofe which follow, determined 
us to confider the fubftance found in the cerite, as the oxide 
of a metal hitherto unknown, to which we have given the 
name of Cerium, from the planet Ceres, difcovered by Piazzi. 


Manner qf obtaining tite pure Oxide of Cerium^ 

ProcefTcsfor ob- uncalcined cerite was dilTolved in nitro-muriatic, 

Gaining the pure and, after faturating the clear folution with the alkali, was 

precipitated by tartrite of potafh. The precipitate well 
wafh^t calcined, and digefted in vinegar, contains the pure 
oxide of cerium. 

^ Or otherwife decompofe a folution of cerium in nitro-mu- 

riatic add, ftill warm, but not faturated, by fuccinate of am- 
nonia: aifuccmate of iron is gradually depofited. The pre¬ 
cipitation is to be continued by means of fuccinate of ammonia, 
as long as a red precipitate is formed: the folution is then 
nearly deprived of iron. After having feparated the fuccinate 
of iron, more fuccinate of ammonia is poured into it, until a 
white precipitate appears. The (elation is ihe^ left at reft, 
in order that the fmall portion of fuccinate of cerium may be 
' depofit^. The iron dilTolved by the free muriatic acid, is 
depofited at the fame time, and the folution is freed from thu 
metal," The cerium may afterwards be precipitated by am- 
iponia, and then wathed and calcined, 
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Of the Properties of Oxide qf Ceriu^, 

f B,) This oxide may appear in dif&rent degrees of osMe^TIksoaUlll 
tion. The alkalies precipitate a white pxide from Us folulions,^5e^tsiS« 
which (hows of a yellowifli coionr in the air, but, when per-osidicloa* 
fedlly dried, becomes dark. Expofed to a britk and long- 
continued fire, it takes a deep brick-colour. The oxalate and 
acetate of cerium, calcined in vefTels not completely doled, 
yield a while oxide, which, in an open fire, becomes of the- 
colour ol bricks. It does not melt by itfelf* 

Treated with borax by the blow-pipe, it melts readily and Fulton wkb 
fwclls. The globule heated b}fc the exterior flame, aflumes 
the colour of blood ; which, by cooling, pafles to a yellow!Ai 
green, and at length becomes colourlefs, and perfectly tranf- 
parent. Melted by the interior flame, thefe changes do nut 
take place; it is then reduced into a colourlefs glafs; but, ex- 
pofed for a (hort time in the exterior flame, the fame pheno¬ 
mena arc produced. If too much oxide of ceriuid is made 
ufe of, the glafs refembles an opake yellowifli enamel. Thefe 
changes are more eaiily manifefled with the phofpbate of foda 
and ammonia. If two clear and colourlefs globules are meJUtd 
together, one of which was prepared with borax and the 
other with the phofphate, they form a tranfpareat glafs, which, 
on cooling, becomes opake and pearl coloured. 

Thefe charafters, taken together, fufiiciently diflinguifli the 
oxide of cerium from the oxide of iron. The latter alfo ofTers 


the fame changes of colour, but its glafs, on cooling, has a 
deep green colour, xvluch fades. The globules made with 
borax and the phofphate melted together, yield an opake 
glafs, the colour of which is a little deeper, • 


Oxide (f Cerium irealed xviih Sulphuric Acid. 

• fcj When oxide of ccriam is digefled with fulphuric acid, SnlphsM of 
thefe two fubftances unile> and the refult is a red infolablc 
fall, which is fulphate of cerium at a matimum qf oxidatiM. * 

If the acid is concentrated, it icarcely diflblvos any of h, If 
it is diluted with half its quantity of water, or a little more, 
the refult is a yellowiih oily liquor, which does not adhere to 
the glafs, nor does it wet it. If the acid is nixed with fix Or 
feven times its quantity, or even more, of water, and em¬ 
ployed in a fufficient quantity, the oxi^ it dHTohred qf to 
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orange colour.^ By a flight evaporation of this folution. It 
yMds fmallg prifinatic, coherent cryflals, of the colour of 
^ This ftlt is an acidulous fulphate of cerium at a ntax* 

iphats Tbefe cryflals, thoroughly dried between blotting- 

paper« and expoM to the air, are gradually reduced to a 
yellow, almofl cryflalline powder. KedifTolved in water, 
they experienced a decompofition; a white powder is depo- 
fited, and thejblulion becomes colourlefs. This white pow¬ 
der is a fulphate of cerium, but little oxigenated. If llie fo- * 
Aciduloui fnl. lution is evaporated todrynefs, it gives an acidulous fulphate 
but%^Sy oxi-cerium ftill lefs oxigenated. Thefe cryflals are feldom ru- 
aenated. bical, but almofl always p^fmatic, flriatcd and colle£ied in 

bundles. Their tafle is four, but they afterwards become fac- 
cbarine and aflringent. 

Muriatic acid ^ Treated with muriatic acid, the yellow acidulous fulphate 

dXuTfulphate' cerium yields part of its oxigen to the acid^ which is volati- 
of partuf IC6 lized in oxigenated muriatic acid gas. The fait remains co- 
As^<^anm- augmentation of temperature alone is fiifhcient 

create of tern- for the yellow acidulous fulphate of cerium to lofe its colour hy 

«SswardidrlvM*°^^”8 the excefs of its oxigen. If the heat is increafed flill 
acid, and more, the furplus of the acid is carried off, and a faturated 
^l^ate”****^*^ fulphate of cerium remains. By a continued calcination, it 
Calctnation le- regains oxigen, becomes red, and yields a fulphate of cerium 
norei tbeoxi- a maxmum. The fulphate of cerium, difoxigenatcd by the 

muriatic acid, is more difficult to re-oxidate by calcination. 

In the humid way, the alkalies only decompofe the fulphate 
of cerium incompletely. Ammonia precipitates an oxide 
from the acidulous fulphate of cerium, whicli is only in a fmall 
quantity, but neverthelefs contains part of the fulpimric acid. 
The fulphate af cerium is not perfeAly decompofed, except 
Jby calcination with three times its weight of carbonate of foda 
Or potafli. The calcined oxide is of a brown colour. By di- 
geftioD, ammonia can deprive it of part of its acid: the &k\o 
takes a diflinfl fleih colour, which becomes brighter by dry¬ 
ing. Digefled with concentrated muriatic acid, or with ni¬ 
tric acid, a fmall quantity diilblves, having its yellow colour* 
If a folution of acidulous fulphate of cerium is prec ipitated 
riumsudpouih. putafli, a triple oombinatton of cerium, fulphuric acid, and 

potafli, is feparated» before the aqid is foturated. If too much 
potafli is added, the combination is partly deflroyed. The 
fulphate of cerium and potoflij at a mximumjt is of an orange 

colour) 
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colour; that which is at a mnwnum, »while. AfimtlarcM* * 
bination is alfo obtained by poaring muriate of cd^iam into^ar 
folution of I'ulphate of potafli. Sulphate of ammonia does nol 
form any precipitate in it; but« on adding a calcareous fait 
to it^ fulphate of cerium combined with potafli is rapidly 
depofited. 

Thefe charaflers offer a ready method of feparaling the ful- Sulphuric seSi 
phale of cerium from iron. It mult however be 
tfhat when the folutions are faturated^ a little iron is alfo de* am from ino. 
poflted, which gives a yellow colour to the precipitate; but 
by adding a little fulphuric acid in excefs, the iron is r6drf> 
folved, and leaves the precipitate entirely white. This com* 
bination is only diUblved in part by dilute fulphuric acid, and 
the greatefl quantity of that feparates afterwards. 

The fulphate of cerium and potafli melts by a (Irong heat. Sulphate, an4 
Feated with charcoal, it gives tiilphuret of potafli and fui- 
pliuret ot cerium, belted with carbonate of potafli, in clofed carbnnatr of ce* 
vefTels, it yields carbonate of cerium and fulphate of potafli/^'*'”* 

This tail contains only onc*third of oxide of cerium. 

It is diffolved in concentrated nitric acid, and, during the Concentrated 
cooling, an acid fait, formed of acidulous fulphate of com 
and a little fulphate of cerium, cryflallizes. Thus the fulphate phace of cerjaoi 
of cerium combined with potafli, is decompofiEKl by concent*”*1 
Uated nitric acid. This acid carries ofl* the metal, and the 
fulphuric acid is directed wholly upon the potafli, with which 
it forms a fait with excefs of acid. 


Oxide of Cerium with Nitric Acid* 

(D.) Nitric acid diflblves the calcined oxide with difRculty, Nitrate of ceri- 
but that which is precipitated by pure or carbonated alkalies, 
with cafe. When the folution is faturated with oa^en, it is 
of a grecnifli yellow colour; but colourlefs, when lefs oxided. 

Evajprated to the confiflence of honey, it depofits lameliated 
cryflals, which attract the humidity of the air. The folution 
has a faccharine tafle: like all the other faturated folutions of 
cerium, it lets fall an oxide of cerium, at a maximum of oxi- 
dation, in the open air. This precipitate is frequently formed 
of oxide of iron. When dry, this fall is of a jlellowifli white 
colour; but becomes colourlefs on being diflblved in a fufli* 
pieot quantity of water. Jt diflblves reai^ily in alcohol. 

4 Aeon* 
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A oonceot^lcd folalion of this fait tajces a blood colour^ 
on account of a fmail quantity of xron, which, by drying, 
jMifles to yellowiAi white,, bul is reiiored by a new folution. 

Aoolourlefs and lofs OKided nitrate of ceriam, is obtained 
by diflTolvJng tbe yellowilh (alt in alcohol: the foiation inflames 
and yields a white fait. 

It is deflroyed by Are, which drives off its acid. 

With Muriatic Acid. ^ 

Muriate of ce- fE.) The calcined oxide of cerium is flowty diflblved in 
r'luia* moriatic acid in the cold, and more readily by beat; an cfler* 

vefcenceis produced, owing toadifengagement of oxigenated 
miuiaticacid gas. The tafle of the folution is faocharine and ' 
aflringent; the colour is a very faint greenilli yellow : the 
dried falioe snafs is yellowifli white, and attrafis humidity. 
We only focceeded once in obtaining it cryflallized. The 
cryflaJs were white, brilliant, in four fid^d prifms, with the 
points cut oflT. The fait diflblves readily in alcohol, and its 
concentrated foiation bums with a yellow and fparkling flame, 
Ibercfidue of the fait is while and gives a colourlefs fu* 
lution. It js muriate of cerium at a minimum of oxidation. 

Healed in clofed veflels, the water of cryftallization is flrfl 
diffipated, afterwards the acid pafTes in the form of oxigenated 
mariatic acid gas. If the operation is Hopped before the acid 
is entirely volatilized, an undecompofed muriate of cerium, at 
a mimmutn of oxidation remains. 

If the muriate of cerium contains iron, it all fublimes in a 
brown deliquefeent mafs. Nothing remains in the matrafs but 
m white oxide of cerium, which altraSs the humidity of the 
air, and becomes yellow. Thus, fublimation with muriate of 
ammenacnaybeemployedtopurifya muriate of cerium which 
contains a little kon. 

With Phojphoric Acid. 

Phofphate of ca< (F.) Free pboTphoric acid, faiurated with an alkali, preci- 
rium, pitates muriate of cerium. The precipitate is white, and 

folublr in muriatic acid and in nitric acid employed in fufficient 
quantity. 

This &lt is alfo obtairmd by digefting pure oxide of cerium, 
moiflened with phofphoric acid. It is not foluble m an excefs 
of this acid. 

With 
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With CaHmic Acid, , 

CGJ The carbonate of ammonia precipitates muriate' ofCsAonstetf <a| 
cerium without effervefcence. After the precipitation, car- 
bonic acid is flowly difengaged in the form of bubbles. The 
refidue retains its acid, even after dcficcation. 

Dry carbonate of cerium has a white colour tending a little 
^lo bluifii or greenilh. It diflblves in the acids with eScr«' 
vefcence. It does not lofe its acid in an open fire. In clofed 
veflels, without the conlaQ of oxigeoj it fupports a gentle 
calcination, without being decompofed. 

JFUh Arfenic Acid, 

CHJ Free arfenic acid does not produce any change on Arfcmate ana 
muriate of cerium. The oxide digelied with this acid, 
an infoluble fait, An excefs of this acid diflblves it, and^gives**^ * • 

an acidulous arfeniate of cerium. The faturated arfeniate of 
cerium is depofited in the form of a powder during llie evapo¬ 
ration. The refidue does not cryfialtize, but by de£ccalu>n, 
becomes a gelatinous, clear, and colourlefs mafs. 

With Molibdk Acid, 

(L) The acidulous falls of cerium arc not decompofed by Molybdate of 
molybdate of ammoniac. Tlie molybdate of cerium is precipt* “***“• 
tated from its faturated folutions, in bhe form of a white lalt, 
which is not foluble in the acids. 

With Oxalic Aci^^ 

(K») Either the acidulous or faturated folufions of cerium Oxalate of ced* 
are precipitated by oxalic acid. According to *lhe degree '**”* 

Axidation of the metal, the precipitate becomes red or 
while. This combination is alfo d>tained by digefting the 
oxide with free oxalic acid. An excefs of acid does not dif. 
fblve it, but ammonia readily eiTefis its folulion, giving it a 
yellow colour. 

A fmall quantity of oxide is depofited by evaporation. 

The folution afterwards yields regular cryllals in the form of 
needles, Pure alkalies do not occafioa any precipitate. 
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With Tariareous Acid. 

Tartrlteofc*- CLj Free Urtoieottt acid has no aflion on muriate of 
rtiun* eeriuiB. The recently precipitated oxide unites with this 

acid by digeflion, and yields a tarlrite of cerium, which 
dHTolves readily in water. This fait Is alfo precipitated from 
faturated Iblutions by tartrite of polaih. Like the oxL 
late of cerium, it diflolres in pure ammonia, but does not 
cryfratlize* 

Tartrite of cerium is not entirely foluble in water; the foIu« 
txon is precipitated by carbonate of foda, 

c 

JViih Benzoic Acid. 

Bensoate of cs- fif .) This acid does not a£l on the muriate of cerium; buf^ 
rioai* by digeflion, well concentrated benzoic acid diflblves the oxido 

of cerium recently precipitated. On cooling, the folution firfl 
depofils cryflah of the acid in excefs, ai^d afterwards ben. 
2 oate of cerium in the form of a white powder, which adheres 
to the cryflals of benzoic acid. 

The refinous matter with which this acid is frequently united, 
combines with the benzoate of cerium, and forms an infuluble 
brown powder,, 

With Citric Acid, 


Citnte and acl- Muriate of cerium is not precipitated by citric acid, 

dulous citrate of gut the oxide digefled with citric acid forms an infohible fatu- 
ccfmm. combination, which an excefs of acid diflblves. The 

acidulous citrate* of cerium is of a yellow colour and does not 
cryflalHze/ Alcohol deprives it of its water, and of part of 
its acid, but docs not'diflolve it. 


Acetate of ce< 
rium. 


« WUh Acetic Acid. 

(O.) The calcined oxide of <%rium is only very imperfi^flly 
diflblved in acetic acid, even with the afliflance of heat; but 
that which is recently precipitated by the alkalies, is diflblved 
with facility. The faturated acetate of cerium is foluble in 
water; it has a Tweet tafle, and gives granulated cryflals, by 
evaporation, which do not change in the air, and are but 
fligbtly foluUe in alcohol. 

This fait fwelis in the Are, and is deflroyeiL 

(To be continue^J 
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Dutcii^proof, fr om five pounds of ihc dried fruit. This bramlvji 
although it retains a (light odour of the fruit, is by no meani 
dlfiigrceable to the tafre, and I have made liqueurs with it in no 
rel'pecl inferior to ihofc of commerce* 1 Oiall not delay tho 
publication of the details of thisdifeovery, from which 1 claim 
no credit except on account of the influence which it may have 
•n a part of the commerce of the eafrern piovinces of Spain. 



Method of obtaining pure Cobalts Thomsdorff *, 

LET four parts of finely pulverized zaffre be intimately Pure cobdt; 
blended with one of very dry nitra^ of potafli and half apart 
of charcoal powder; introduce this mixture by finall quantities 
at a lime info an ignited crucible, and repeat this procefs for 
three fucceffive limes, by again adding to the detonated refi- 
duary mafs new quantities of nitrate of potafli and charcoal. 

This being done, ntix the mafs with one part of black flux, 
and expolc the mixture to a red heat for one hour. When 
cooled, leparate the metallic cobalt, pulverlfc it, blend it ln- 
gether with three limes its own weight <jf nitrate of polaili, 
and detonate this mixture as diredled before, 'i'he iron which 
was prefent will thus became highly oxidized, and tlic arfciiic 
acidified, and combined with the polufli. To feparatc tins 
flatter, pulverife the mafs, treat it repcatedi\ in water, and fe- 
parate the infoluble part by the filtre. The arfeniale of potalli 
being thus got rid of, digeft the refuiue in nitric acid ; (he 
cobalt will now^ bo diifolved, and the highly oxidized iron re¬ 
main unloiK'hccl. Evaporate the filiation to dr) ncE, rcdifiblve 
it in nitric acid, rc-filtre the folution, in^e&fc (orne oxide of 
iron fliould havecfcaped unfepaialed, decompofi: the folulion 
of nitrate of cobalt by polafli, walh the precipitatn, and re^ 

duc^ it by heat. • 

# 

» —I I 

Metitod of coatiin^ Copper v;'ith PlaHna. Strauss. 

Mr.Slraufs, who has made a number of good experiments Coifing copp«i 
on platina, has fucceeded in applying this metal to defend the pl****** 
face of copper. The fulution of platina was precipitated by 

* Geblcn's Journal of Chemiftry, Vol. IV* p* fi, 117- 
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muriate of ammonia, then waflied and dried, and px;d)ied to 
3 graduated red heat for half an hour in a covered crucible. 
The product was a grey coagulated powder; confiding of me* 
tallicpialina in a (late of extreme divifion. One part of this 
powder with three parts of mercury did not combine by half 
an hour’s trituration; but upon adding two parts more of mcr« 
cury and fiightly beating the mortar, he Toon obtained a tena« 
dous amalgam, which was rendered very foft by the addition 
of two other parts of the lad mentioned metal. 

4 fniall quantity of this amalgam was rubbed upon a plate 
of copper, which became perfedlly covered. The plate was 
then ignited, and was found to have retained a coating of pla- 
tina. In the next place he mixed a little of the amalgam wilti 
chalk, fprinkled the mixture with water, coated the plate of 
copper a fecond time, and again ignited it. The coating was 
now found to be very perfe£l, and atTumed a (hining filver co¬ 
lour under the burnither. , 

This chemitl remarks that his application of platina to cop¬ 
per vclTels mud be fuperior to that of tin; not only in its re¬ 
finance to acids and faline matters, but in its durability from 
the greater hardnefs of platina; and he adds that the procefs 
here deferibed, is not more difficult to be efTefled than the 
common operation of tinning. 

Tromfdorff*$ Journal, ISOU, VoL II, p. 18, 
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gin PUti XII. Fig. 3,. by an onuflion in the deflgn, the tower ralcr htt net At turn 
eonneftion with the frAne as the upper. It muft be joined by prolonging the lod Apm 
the left hand angle, and adding a rod from thence to the bar upon At imtl U k 
Aovg, * 
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